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Boston, January II, 1900. 

THE 534th regular meeting of the Society oF ARTS was 
held at the Institute, Rogers Building, this day at 8 p.m. President 
Crafts presided. Sixty-eight persons were present. The report of 
the previous meeting was read and approved. 

The President introduced Professor Elihu Thomson who ad- 
dressed the Society on “A New Dynamo-Static Machine,” a 
machine of his invention. The speaker mentioned the discovery of 
the Hertzian waves, Rontgen rays, and the recent interest in wire- 
less telegraphy as the origin of the renewed interest in static 
apparatus. Since frictional machines are now obsolete, a very com- 
mon method of generating high-pressure electricity is by the Holtz 
machine, or better the Topler-Wimshurst modification. Since the 
revolving plates of such machines are of glass, a high speed of 
rotation is impossible and the output is small. To remedy this 
defect rubber plates have been used, but under the oxidizing in- 
fluence of the ozone which is formed, they rapidly deteriorate. 
Moreover, as the apparatus will not work in damp air, it must be 
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enclosed in a case, and this must contain some substance which will 
absorb the ozone, as the latter will accumulate quickly in sufficient 
quantity to discharge the machine. The worse fault is the liability 
to reversal. 

A second form of high-pressure apparatus is the induction coil, 
which is very effective, gives definite polarity, and does not reverse. 
It is costly, however, requires considerable power, must be provided 
with an interrupter, and cannot be used for charging condensers or 
Leyden jars. The earlier forms of breaking devices have lately been 
replaced by the cheaper and effective Wehnelt Interrupter. 

Another instrument is the high-frequency coil. It consists, in 
principle, of a condenser which discharges through the primary of a 
transformer, whose primary and secondary are in tune. This gives 
high potential and high frequency, consequently the discharge in 
the vacuum tubes is not so simple as with other methods. 

The speaker referred to the Planté rheostatic machine and also 
to the method which Professor Trowbridge has lately used to obtain 
very high potentials. The latter consists in charging certain sets 
of storage batteries in parallel, and discharging them in series. 
The same principle underlies the Dynamostatic machine. In it, 
however, the bodies charged are a set of vertical plate “condensers, 
which are well insulated from one another. 

Underneath the plates is a rectangular hollow wooden frame, 
which may be rotated at a very high speed by means of a motor- 
generator connected to a direct current 110-volt main. The motor- 
generator not only acts as a motor but also supplies a low potential 
alternating current to the primary of a transformer, in whose sec- 
ondary a high potential alternating current is obtained. 

The rotating frame below the condenser plates carries two sets 
of metallic points or pins placed 180° apart. As the frame revolves, 
the high potential secondary current of the transformer at the top 
of the wave jumps across a small air-gap to one set of metallic pins, 
thence across the short air-gaps between the pins and the terminals 
of the condensers, charging the latter in parallel. The charging only 
lasts during a very small angle of rotation. After the frame has 
rotated through 180°, the second set of pins connect the condensers 
through sparking gaps in series. By this ingenuous device of air 
insulation and short spark gaps, the inevitable leakage produced with 
metallic commutators, due to the metallic dust, is entirely avoided. 
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A revolving disk is arranged so that the main sparking terminals 
shall only be in contact through short sparking gaps with the con- 
densers, while the latter are in series. 

The machine exhibited consisted of ten condensers charged to 
about 20,000 volts in parallel, thus giving approximately 200,000 
volts when discharged in series. The output of the machine is 
very large, and is capable of easy regulation. For low output it is 
only necessary either to run the motor-generator more slowly, or else 
at full speed, reducing the pressure in the primary. 

A number of experiments were performed, such as charging of 
Leyden jars and exciting of Crooke’s and Geissler tubes. The 
machine may be applied to wireless telegraphy or for the generation 
of ozone. It is very portable and will work in all kinds of weather. 

The thanks of the Society were extended to Professor Thomson 


for his most instructive and delightful address, after which the 
meeting adjourned. 





Boston, January 25, 1900. 

The 535th regular meeting of the Society or ARTS was 
held on this day in the Rogers Building at 8 p.m., Mr. George W. 
Blodgett presiding. One hundred and ninety persons were present. 
The records of the previous meeting were read and approved. 

After the announcement of the subject for the next meeting, 
the chairman introduced Professor E. B. Homer, Massachusetts 
Institute of Technology, ’85, who addressed the Society on “An 
Architect’s Tour through the Riviera and Central France.” The 
speaker referred to the tour, which he had to describe, as one made 
by the Institute Summer School of Architecture during June, July, 
and August, 1899. 

The party landed at Genoa, and, after spending nearly two weeks 
in visiting Milan, Brescia, Verona, and Venice, began a bicycle tour 
through the Western Riviera. The ride along the Mediterranean 
shores and among the Maritime Alps was most thoroughly enjoyed, as 
were also the cities of Monoco, Nice, Toulon, and Marseilles. From 
the latter city they crossed over to Arles and followed the Rhone Val- 
ley through Nimes, Avignon, Carpentras, Vaison, to Viviers. The 
Rhone Valley was then abandoned, the party passed over the Cer- 
vennes Mountains, crossed the Loire Valley by the way of Le Puy to 
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the Allier Valley, thence through this valley to Nevers. From here 
the tour extended east through Prémery to Vézelay on the Yonne 
River, thence along its banks until the river intersected the Seine, 
and so to Paris. 

This route gave the students an opportunity to study the Roman 
architecture of the Rhone Valley, the Romanesque of Central 
France, and the Gothic and Renaissance of the North. In nearly 
all the cities sketches were made, while in Venice and Arles, meas- 
ured drawings were made. Over 700 photographs were taken. 

The lecture was illustrated with 160 slides, showing charming 
bits of scenery, picturesque old roads, towers, churches, monasteries, 
and some architectural detail of particular interest. 


The delightful lecture was most thoroughly enjoyed by the large 
audience present. 





Boston, February 8, 1900. 

The 536th regular meeting of the Society oF ARTS was 
held on this day at the Rogers Building at 8 p.m. Professor Swain 
presided. Fifty persons were present. 

After the reading of the records of the previous meeting, 
and the announcement of the subject for the following one, the 
chairman introduced Mr. W. E. McClintock, Highway Commissioner 
of Massachusetts, who addressed the Society on ‘“ Massachusetts 
Roads, Old and New.” 

The speaker rapidly reviewed the history of road making, men- 
tioning the fine roads of the Roman Empire, which were destroyed 
during the fifth century, the deplorable condition of the roads in 
Europe during the Middle Ages, and the revival of road-making in 
Europe by Napoleon, and in England by Macadam and Telford at 
the beginning of the nineteenth century. The earliest roads in the 
United States were built by private companies who, in order to obtain 
a return on the invested capital, collected tolls. Little of this money 
was expended on repairs. In 1892 a temporary commission was 
appointed in this state to investigate the condition of roads through- 
out Massachusetts, and in 1893 a permanent highway commission 
was chosen. Since that date about $2,600,000 has been expended 
for the construction and repairing of 1,800 miles of highways. The 
inspection of roads in the state is only undertaken by the Commission 
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at the request of the County Commissioners of a county, the mayor 
and aldermen of a city, or the selectmen of a town. 

The speaker explained the differences in the construction of the 
old roads- and those under the direction of the Commission, calling 
especial attention to the plan of supporting the sides of the road, the 
style of the bridges used, and the improved methods of drainage. 
The factors which determine the kind of road to be built, whether 
macadam, telford, or gravel, are the character of the soil, the amount 
of traffic to which the road is subjected, and the natural stone and 
gravel resources of the locality. 

Several automatic methods for crushing, sorting, and loading the 
stone used on the highways were explained, and slides were shown of 
these as well as various forms of steam rollers. As illustrative of the 
work accomplished by the Commission, a number of views were 
thrown on the screen, demonstrating the conversion of almost im- 
passable roads into fine highways. Especial attention was called to 
the fine highway running from Springfield along the Westfield River 
through one of the most beautiful sections in Massachusetts. 

For a detailed statement of the various enactments of the Legis- 
lature, the work of the Commission, statistics as to number of miles. 
of new roads, cost per mile for different kinds of road construction, 
cost of maintenance, testing of materials, reference should be made 
to the seven annual reports which have been issued by the Com- 
mission. 

Professor Swain, after speaking of the valuable work which had 
been done by the Commission, thanked Mr. McClintock on behalf 
of the Society for his very enjoyable and instructive address. 





Boston, March 8, 1900. 

The 537th regular meeting of the Society or Arts was held at 
the Massachusetts Institute of Technology this day at 8 p.m. Pro- 
fessor Niles presided. Eighty persons were present. 

The records of the previous meeting were read and approved.. 
The following were elected to Associate Membership: Mr. Joseph 
Stone, 68; Mr. W. O. Dunbar, ’79; Mr. W. O. Hildreth, ’87; Mr. 
W. H. Blood, ’88; Mr. S. De M. Gage, ’96; Mr. W. S. Johnson, ’89 ;. 
Mr. J. C. Perry, ’92; Mr. J. S. Codman, ’93; Mr. J. W. Cooke, ’95 ; 
Mr. Harrison W. Smith, ’97. 
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After the announcement of the subject for the next meeting, 
Professor Niles introduced Mr. F. H. Newell, Hydrographer of the 
United States Geological Survey, who addressed the Society on 
«“ Water Storage on Gila River, Arizona.” 

In connection with the possibility of water storage on Gila River, 
Arizona, facts were given concerning water storage in general 
throughout the arid regions, the data being based upon recent sur- 
veys and examinations. 

Fully nine-tenths of the vast extent of Arizona, Nevada, and 
adjacent areas remain in the hands of the general government. 
Much of the soil is highly productive under irrigation, while the 
more rugged portions contain mineral wealth which can be de- 
veloped profitably when labor and easy transportation can be had. 
Within this territory are many Indian tribes, some of whom have 
always been friendly towards the whites, and have until recently sup- 
ported themselves by agriculture. 

Along Gila River in Southern Arizona agriculture has been 
practiced from time immemorial by native peoples, the ruins of 
whose canals and houses still remain. The present occupants of the 
soil have continued this practice, until the incursions of the whites 
and the development of agriculture by them have resulted in taking 
away the summer flow of the Gila River. The rights of the Indians 
in this particular have been neglected, or traded away by the govern- 
ment, reducing this people to a state of pauperism. On the one 
hand schools have been built to educate the children, and, on the 
other hand, they have been forced to live on the reservation in 
idleness, or become more highly skilled beggars and thieves. 

The deplorable condition of these Indians has been brought to 
the attention of the proper authorities again and again, and various 
investigations have been ordered to ascertain where water can be 
had for the cultivation of their fields, their legal rights to the flow 
of the stream having been lost. As a result of these investigations, 
it appears that ample water can be had by storage, but the reservoirs 
must necessarily be expensive. The physical conditions are favorable 
for the conservation of water on a large scale but not in a small way, 
because of the fact that the natural basins are large and the foun- 
dations of the dams must be sunk deep in the ground to bed rock. 

Southern Arizona has great possibilities in the development of 
an intensive agriculture capable of furnishing support for a large 
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population. The products are entirely distinct from those of the 
North and East, and do not enter into competition with those from 
other regions. The continuous sunshine and semi-tropical heat 
are favorable to the growth of citrous fruits, and of many of the 
important varieties of grapes. Forage crops are continuous throughout 
the year — as many as five or even seven cuttings of alfalfa being 
gathered. The water supply, though torrential and erratic, is rela- 
tively large and can be controlled and distributed by systems of 
water storage, natural basins for which exist in several places. In 
fact, this part of the country seems to have an extraordinary number 
of favorable reservoir sites. The development of most of these, 
however, requires considerable capital. 

The surveys and estimates for the supply of the Indian reserva- 
tion show that, while there are at least three good localities, the cost 
of water storage is so great that only one of these, that at San Carlos, 
can be considered. The cost of this reservoir will aggregate in round 
numbers one million dollars. Its construction will, however, not 
only insure water for the Indians, but also for a considerable area 
of public lands, which can be disposed of at a cost sufficiently great 
to largely repay the original investment. The matter as a business 
proposition for the government must appeal favorably, the speaker 
thought, to the common sense of everyone. 

A discussion followed. The thanks of the Society were extended 
to Mr. Newell for his very interesting paper. 








Boston, March 22, 1900. 

The 538th regular meeting of the Socirry oF Arts was held 
at the Massachusetts Institute of Technology this day at 8 p.m. 
Professor Swain presided. Two hundred persons were present. 

The records of the previous meeting were read and approved. 
The following persons were elected to Associate Membership: 
Messrs. E. M. Harrington, 89; F. H. Burton, ’91; L. B. Breed, ’96; 
and E. B. McCormick, ’97._ After the announcement of the subject 
for the next meeting, Professor Swain introduced General W. A. 
Bancroft, President of the Boston Elevated Railway, who addressed 
the Society on the “Boston Elevated Railway System.” The 
speaker mentioned that the franchise granted by the state to the 
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company contains certain clauses for the protection and benefit of 
the public. The company is required to pay to the Commonwealth 
a certain percentage of the earnings of the road, also to keep the 
streets on which car tracks are laid in repair, and in winter free from 
snow. 

The present system embraces 340 miles of track extending over 
100 square miles of territory; there are 3,000 cars in daily use, 7 
power-houses supplying 40,000 horse power, 40 car stations covering 
as many acres, 6,000 employés. Last year 600,000 to 700,000 per- 
sons were carried daily, aggregating 233 million for the year. 

Reference was made to the care exercised in the selection of 
conductors. The applicants must pass certain oral and written 
examinations, and be personally recommended by former em- 
ployers. 

The conception of an elevated system arose from the need of 
rapid and safe transit. Owing to the congestion on the surface, 
cars must be run slowly. The elevated system is made up of the 
overhead elevated combined with the subway. The idea and plan 
is to carry the passengers through the main section of the city by 
the subway, using the elevated in the outlying districts. 

Views were shown of sections of the elevated railway in the 
process of construction, certain completed sections, and the trains 
to be used. The three-rail system was briefly described. 

The thanks of the Society were extended to General Bancroft 
for his entertaining lecture. 

G. V. WENDELL, Secretary. 
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THE USE OF KITES TO OBTAIN METEOROLOGICAL 
OBSERVATIONS. 


By A. LAWRENCE ROTCH, Drrecror or BLUE HILL METEOROLOGICAL OBSERVATORY. 


Read November 9, 1899. 


HISTORICAL researches, stimulated by the recent practical appli- 
cations of kites, seem to show that their first use for scientific pur- 
poses was in 1749, when Dr. Alexander Wilson, of Glasgow, and his 
pupil Thomas Melvill, lifted thermometers attached to kites into the 
clouds. These kites, from 4 to 7 feet high and covered with paper, 
were fastened one behind the other, each kite taking up as much line 
as could be supported, thereby allowing its companion to soar to an 
elevation proportionally higher. It is related that “the uppermost 
one ascended to an amazing height, disappearing at times among the 
white summer clouds, whilst all the rest, in a series, formed with it in 
the air below such a lofty scale, and that too, affected by such regular 
and conspiring motions as at once changed a boyish pastime into a 
spectacle which greatly interested every beholder. . . . To obtain 
the information they wanted, they contrived that thermometers prop- 
erly secured and having bushy tassels of paper tied to them, should 
be let fall at stated periods from some of the higher kites, which was 
accomplished by the gradual singeing of a match-line.” How the 
thermometers were prevented from changing their readings while fall- 
ing to the ground is not explained. The account concludes: “ When 
engaged in these experiments, though now and then they communi- 
cated immediately with the clouds, yet, as this happened always in 
fine weather, no symptoms whatever of an electrical nature came 
under their observation. The sublime analysis of the thunderbolt 
and of the electricity of the atmosphere, lay yet entirely undiscov- 
ered, and was reserved two years longer for the sagacity of the cele- 
brated Dr. Franklin.” Hence it seems that Franklin’s famous ex- 
periment of collecting the electricity of a thundercloud by means 
of a kite, performed at Philadelphia in 1752, was not the first scien- 
tific application of the kite, and therefore America can claim only the 
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later and most remarkable development of this means of exploring the 
air. About 1837 there existed in Philadelphia an organization called 
the Franklin Kite Club, that flew kites for recreation. Espy, the 
eminent meteorologist, was a member, and he states “that on those 
days when columnar clouds form rapidly and numerously, the kite 
was frequently carried upward nearly perpendicularly by columns of 
ascending air,” a phenomenon which is often observed to-day. Espy 
calculated the height at which clouds should form by the cooling of 
the air to its dew-point, and then employed kites to verify his calcula- 
tions of the heights of the clouds. Both these methods are utilized 
in the measurements of cloud-heights at Blue Hill. 

Kites were employed to get temperatures a hundred feet or more 
above the Arctic Ocean early in the present century, and in 1847 
Mr. W. R. Birt, at the Kew Observatory in England, flew a kite for 
the purpose of obtaining measures of temperature, humidity, wind- 
velocity, etc. His kite, of hexagonal shape, required three strings 
attached to the ground to keep it steady, and while he proposed to 
hoist the instruments up to the kite by means of a pulley, it does 
not appear that this was done or that any observations were obtained. 
In 1882 Mr. Douglas Archibald in England revived the use of kites 
for meteorological observations and outlined a comprehensive scheme 
of exploring the air with kites, which included almost all that has 
been done since. His actual work, performed during the next three 
years, was limited to ascertaining the increase of wind-velocity with 
height up to 1,200 feet, and to do this, he attached registering ane- 
mometers at four different points on the kite-wire, but since the 
total wind-movements only were registered from the time the ane- 
mometers left the ground until they returned, it was impossible to 
obtain simultaneous records near the ground and at the kite, as is 
done to-day. Mr. Archibald in 1887 took the first photograph from 
a kite, a method which MM. Batut and Wenz developed in France, 
and Messrs. Eddy and Woglom in the United States. 

The subsequent progress of kite-flying for meteorological purposes 
was in this country, and it may be chronologically stated as follows: 
In 1885 Mr. Alexander McAdie (now of the United States Weather 
Bureau) repeated Franklin’s kite experiment on Blue Hill, with the 
addition of an electrometer ; in 1889, and again in 1892, he measured 
simultaneously the electric potential at the base of Blue Hill, on the 
Hill, and with kites as collectors several hundred feet above the hill- 
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top, about the same time that Dr. Weber, in Breslau, Germany, was 
making a more extensive use of kites for the same purpose. It was 
no doubt William A. Eddy, of Bayonne, New Jersey, who turned the 
attention of American scientific men to kite-flying, and created the 
widespread interest in kites which exists to-day. About 1890, Mr. 
Eddy lifted thermometers with an ordinary kite, but soon afterwards 
devised a tailless kite resembling the Java kite, except that the hori- 
zontal crosspiece is nearer the top of the vertical stick, and its ends 
are bent backward in a bow and connected by a cord. The next 
year with several of these kites flown tandem, he lifted a minimum 
thermometer and proposed to obtain in this way data to forecast the 
weather. 

Up to this time it does not appear that self-recording instru- 
ments —that is to say, those which make continuous graphic rec- 
ords — had been raised by kites. In the days of the early experi- 
menters such instruments were too heavy and cumbersome to be 
lifted by the more or less unmanageable kites, but within the past 
few years M. Richard, of Paris, has made recording instruments suffi- 
ciently simple and light to be attached to kites. In this way it is pos- 
sible to obtain simultaneous records at the kite and at a station on the 
ground, and from them to study the differences of temperature and 
humidity, and this seems to have been done first at Blue Hill Observa- 
tory. In August, 1894, Mr. Eddy brought his kites to Blue Hill, and 
with them lifted a Richard thermograph which had been partly recon- 
structed of aluminum by Mr. Fergusson, of the Observatory, so that 
it weighed but 1} pounds, to the height of 1,500 feet, and here the 
earliest automatic record of temperature was obtained by a kite. 
During the next summer Mr. Eddy secured photographs of the Ob- 
servatory and Hill by a camera carried between his kites to the height 
of a hundred feet or more. Now that the possibility of lifting self- 
recording meteorological instruments to considerable heights had been 
demonstrated, an investigation of the thermal and hygrometric condi- 
tions of the free air was undertaken by the staff of the Blue Hill 
Observatory, who had already made an investigation of the currents 
of air at various heights by measurements of the clouds. 

In the early experiments the Eddy, or Malay kites as they are also 
called, covered with paper or with varnished cloth, and coupled tandem 
to secure greater safety and lifting power, were used. The kites were 
attached at several points on the line, for although it can be demon- 
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strated theoretically that a greater height is possible by concentrating 
all the pull at the end of the line, yet in the actual case of a line which 
is not infinitely strong the best results are got by distributing the pull, 
and in this way, too, kites can be added as the wind conditions aloft 
permit. The Eddy kite flew at a high angle above the horizon and 
through a considerable range of wind-velocity, but it could not be 
kept permanently in balance or made to adjust itself to great varia- 
tions in wind-velocity, and therefore it was discarded. 

The first meteorograph, being a combined recording thermometer 
‘and barometer (from which the height can be obtained), was con- 
structed by Mr. Fergusson in August, 1895, and three months later 
he joined a recording anemometer to the thermometer which was 
probably the first apparatus of this kind to be attached to kites. Sub- 
sequently there was used the meteorograph, recording atmospheric 
pressure, air temperature and relative humidity, made by M. Richard, 
of Paris, for use in balloons, but now for the first time built of alumi- 
num. In August, 1895, in addition to the Eddy kites there was tried 
the cellular or box kite, invented by Lawrence Hargrave, of Sydney, 
Australia, which bears no resemblance to the conventional forms of 
kites, but consists of two light boxes without tops or bottoms, fast- 
ened some distance above each other. The wind exerts its lifting 
force chiefly upon the front and rear sides of the upper box, the lower 
box, which inclines to the rear and so receives less pressure, preserv- 
ing the balance, while the ends of the boxes, being in line with the 
wind, keep the kite steady and serve the purpose of the dihedral angle 
in the Malay kite. 

On account of the weight of the large cord necessary to control 
these kites and the surface which it presented to the wind, a height of 
2,000 feet could not be reached, so, during the winter of 1895-6, fol- 
lowing Archibald’s example and the methods of deep-sea sounding em- 
ployed by Captain Sigsbee, United States Navy, steel pianoforte wire 
was substituted for the cord. This wire is less than half as heavy, 
and less than one-fourth the size of cord having the same strength, 
and moreover its surface is polished, which reduces the friction of 
the wind blowing past it. With the wire the height of a mile was 
reached in July, and a mile and two-thirds in October, 1896. Up to 
this time a reel turned by two men sufficed to draw down the kites, 
but the increasing pull and length of wire made recourse to steam- 
power necessary. In January, 1897, a grant of money was allotted. 














Fic. 1.— EVOLUTION OF THE KITE-REEL. 





Fic. 2.— MODIFIED HARGRAVE KITE. 
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FIG. 4.— FeRGUsson’s Kirk METEOROGRAPH. 
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from the Hodgkins Fund of the Smithsonian Institution for the pur- 
pose of obtaining meteorological records at heights exceeding 10,000 
feet, and no doubt the first application of steam to kite-flying was 
the winch built by Mr. Fergusson, with ingenious devices for dis- 
tributing, oiling and measuring the length of wire. The cumulative 
_ pressure of the successive coils of wire finally crushed the drum, and 
the next apparatus applied the principle of Sir William Thomson’s 
deep-sea sounding apparatus in which there is no accumulation of 
pressure. In October, 1897, records were brought down from 11,000 
feet, or a thousand feet above the prescribed height. The kite-reel 
in its various stages of development is shown in Figure 1. 

The kites and apparatus at present employed at Blue Hill will now 
be described : 

The kites are mostly of Hargrave’s construction with two rectan- 
gular cells covered with cloth or silk except at their tops and bottoms, 
and one is secured above the other by four or more sticks. The 
wooden frames are as light as possible, but are made rigid by guys of 
steel wire which bind them in all directions. The average weight 
is about 2 ounces a square foot of lifting surface, which is about the 
same weight a square foot as the Eddy kites, when all the surface is 
included in the estimate. The largest of the Hargrave kites stands 
9 feet high, weighs 11 pounds, and contains go square feet of lifting 
surface, which in the recent kites is arched, resembling the curvature 
of a bird’s wings (Figure 2). These curved surfaces increase the lift, 
or upward pull, more than the drift, or motion to leeward, and so the 
angular elevation is augmented without materially adding to the total 
pull on the wire, which should not exceed one-half its breaking 
strength. Another efficient form that has been used at Blue Hill 
is the ‘‘aero-curve kite,” shown in Figure 3, made by Mr. C. H. Lam- 
son, of Portland, Maine. In flight it resembles a soaring bird, and 
when not. in use it can be taken apart and folded up. 

A most important factor in the success of the Blue Hill work 
was the application by Mr. Clayton, of the Observatory, to every kite 
of an elastic cord inserted in the lower part of the bridle to which 
the flying-line is attached; when the wind-pressure increases, this 
stretches and causes the kite to diminish its angle of incidence to 
the wind until the gust subsides. A kite can be set to pull only 
a fixed amount in the strongest wind, when the kite will fly nearly 
horizontal. We are therefore able to calculate the greatest pull 
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which can be exerted on the wire by all the kites, and with this 
device the kites have flown through gales of 50 or 60 miles an hour 
without breaking loose or injuring themselves. In general, the angle 
of the flying lines of the Blue Hill kites is 50° or 60° above the hori- 
zon, and in winds of 20 miles an hour the pull on the line is about 
1 pound for each square foot of lifting surface in the kite. Kites 
can be raised in a wind that blows more than 12 miles an hour at the 
ground, and as the average velocity of the wind for the year on Blue 
Hill is 18 miles an hour, there are few days when kites can not be 
flown. 

The wire to which the kites are attached is steel music wire, 0.032 
inch in diameter, weighing 15 pounds a mile, and capable of with- 
standing a pull of 300 pounds. The wire is spliced in lengths of 
more than a mile with the greatest care, special pains being taken 
that no sharp bends or rust spots occur which would cause it to break. 
To lift the increasing weight of wire, kites are attached at intervals 
of a few thousand feet, by screwing on the wire aluminum clamps to 
which the kite lines are fastened, so that the angle may be maintained 
as high as is consistent with a safe pull. The Richard meteorograph, 
contained in an aluminum cage of about a foot cube, weighs less than 
3 pounds, and it is only necessary to screen the thermometer from the 
sun’s rays to obtain the true temperature of the air, since the wind 
insures a circulation of air around the thermometer. Another meteor- 
ograph constructed by Mr. Fergusson records the velocity of the wind 
on the same drum with the three other elements, and weighs no more 
than the French instrument. It is shown in Figure 4, and Figure 5 
is a fac-simile record, two-thirds actual size. 

The reeling apparatus is an example of how the same apparatus 
may serve diametrically opposite purposes. In sounding the deep sea 
the wire must be pulled upwards, whereas in sounding the heights 
of the atmosphere the wire must be pulled in the reverse direction. 
Therefore the deep-sea sounding apparatus has been altered by Mr. 
Fergusson to pull obliquely downwards, the wire passing over a swivel- 
ling pulley, which follows its direction and registers on a dial the exact 
length unreeled. Next the wire bears against a pulley carried by 
a strong spiral spring, by which the pull upon it at all times is re- 
corded on a paper-covered drum turned by clockwork, then it passes 
several times around a strain-pulley, and finally is coiled under slight 
tension upon a large storage drum. When the kites are to be pulled 
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down, the strain-pulley is connected with a two horse-power steam 
engine, and the wire is drawn in at a speed of from 3 to 6 miles an 
hour, but when the kites are rising the belt is removed and the pull 
of the kites unreels the wire. 

The method of making a kite-flight for meteorological purposes at 
Blue Hill is as follows: A kite, fastened by a long wire to the ring 
in the main wire, and the suspended meteorograph being in the air, 
another kite is attached to the ring by a shorter cord. They are then 
allowed to rise and to unreel the wire until its angle above the horizon 
becomes low, when, by means of the clamps described, other kites are 
added, the number depending on the size of the kites and the strength 
of the wind. After a pause at the highest attainable altitude, the 
reel is connected with the steam engine and the kites are drawn down. 
The pauses at the highest point, and when kites are attached or 
detached, are necessary to allow the recording instruments to acquire 
the conditions of the surrounding air, and because at these times the 
meteorograph is nearly stationary, measurements of its angular eleva- 
tions are made with a surveyor’s transit, while observations of azimuth 
give the direction of the wind at the different heights. The time of 
making each angular measurement is noted, so that the corresponding 
point on the trace of the meteorograph may be found. From the 
length of wire and its angular elevation, the height of the meteoro- 
graph can be calculated, it having been found that the sag of the wire, 
or its deviation either in a vertical or a horizontal plane from the 
straight line joining kite and reel, does not cause an error exceeding 
3 per cent. in the height so computed. When the meteorograph is 
hidden by clouds, the height above the last point trigonometrically 
determined is computed from the barometric record by Laplace’s for- 
mula. At night there is only the barometer from which to determine 
the height, for, although an attempt was made to use a lantern to sight 
upon, yet it soon becomes invisible, or, when seen, is confounded with 
the stars. Before and after the flight the meteorograph is hung upon 
a tripod in the free air, in order that its thermometer and hygrometer 
may be compared with the standards. 

Since the use of wire and more efficient kites, the heights have 
been greatly increased. Thus the average height above the Hill 
attained by the meteorograph in the 35 flights made during 1898 
was more than a mile and a quarter, whereas the average height of 
all the ascents prior to 1897 was about a quarter of a mile. The 
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extreme height of almost two and a quarter miles was attained in 
1899, the progress upward each year being shown in this table. 


HEIGHTS ABOVE SEA-LEVEL OF KITE-FLIGHTS AT BLUE HILL. 


(Blue Hill is 630 feet above the sea.) 




















| HEIGHTS IN Fest. PERCENTAGES OF RECORDS ABOVE 
Vear. | — of Se aT “yl 
ecords. | 
} | Mean of Absolute 500 m. 1,000 m. 1,500 m. | 2,000m. | 3,000m. 
| | Max. Max. (1,640 ft) | (3,280 ft.) | (4,920 ft.) | (6,560 ft.) | (9,840 ft.) 
| 
1894 | 2 | 1,860 2,070 50 0 0 0 | 0 
1895 | 28 1,613 2,490 59 0 0 0 0 
1896 | 86 2,772 9,327 78 28 9 4 0 
1897 | 38 4,557 11,716 95 68 45 21 5 
1898 | 35 «|| «350 12,070 100 92 | 80 66 20 
1899 | 25 | 7,402 12,441 100 4 | 80 56 28 




















The average height of the meteorograph above the Hill, in all the 
flights during August, 1898, was nearly a mile and a half, and on 
August 26, the meteorograph was raised 11,440 feet above Blue Hill, 
or 12,070 feet above the neighboring ocean. The meteorograph was 
suspended from the topmost kite, one of the Lamson pattern, having 
71 square feet of lifting surface and this was increased to a total of 
149 square feet by four kites of the modified Hargrave type that were 
attached at intervals to the wire. The five miles of wire in the air 
weighed 75 pounds, and the total weight lifted, including kites and 
apparatus, was 112 pounds. The meteorograph left the ground at 
10:40 A.M., attained its greatest height at 4:15 P.M., and returned to 
the ground at 8:40 P.M., its automatic record being shown in Figure 5, 
in which the heights are expressed in meters, and the wind-velocities in 
meters per second. The cumulus clouds were traversed three-quarters 
of a mile from the earth, and above them the air was found to be 
very dry. On the Hill the air-temperature was 72°, when it was 38° 
in the free air 11,440 feet above, and the wind-velocity increased from 
22 to 40 miles an hour. 

More than 200 records have been obtained at Blue Hill during the 
past five years, in all kinds of weather conditions, from the ground up 
to 12,000 feet above it. They are published and discussed in the 
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Annals of the Astronomical Observatory of Harvard College, Vol. 42, 
Part I, and in several Bulletins of the Blue Hill Observatory, and 
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constitute, no doubt, the most thorough study of the lower air yet 
made. The vertical distribution of temperature and humidity has been 
investigated and six types have been deduced. Normally, in fine 
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weather, with increase of height the temperature decreases at the 
adiabatic rate for unsaturated air (1° F. for 183 feet) up to a cer- 
tain height where there is a sudden rise of temperature, and above 
that height the decrease is slower. This rise, which is caused by a 
warm current overflowing a colder one, is noted by zronauts also 
at greater heights. Contrary to the observations on mountains, the 
diurnal period of temperature usually disappears above a mile, but 
the changes due to cold and warm waves occur simultaneously at the 
ground, and at the extreme heights reached by the kites. Owing to 
the chilling of the air near the ground at night, it frequently happens 
that it is warmer at the height of a thousand feet than it is at the 
ground, and as the relative humidity aloft is generally the reverse of 
what it is at the ground, it follows that at certain heights in the free 
atmosphere the nights are warm and dry while the days are cold and 
damp. The observations obtained during the passage of cyclones 
and anti-cyclones indicate that the cause of the cyclone, at least in 
our latitude, is its higher temperature with respect to the surround- 
ing air. This conclusion agrees with the convectional theory of Espy 
and Ferrel, but it is possible that the shallow cyclones felt at the 
earth’s surface may have superposed on them other cyclones with 
cold centers. Atmospheric electricity is noticeable, since the use of 
wire as a flying line, whenever the kites rise higher than a quarter of 
a mile above the ground. Usually the wire becomes strongly charged 
with electricity when great heights are reached and it is discharged in 
bright sparks at the reel. The potential generally increases with alti- 
tude, and probably the electricity is sometimes positive and sometimes 
negative, although no measurements have been made with the kites 
very high. Notwithstanding its intensity, the quantity of electricity 
in the atmosphere appears insufficient to warrant its collection and 
storage for practical purposes. 

During the year 1898 the United States Weather Bureau under- 
took to obtain daily from seventeen stations equipped with kites (situ- 
ated chiefly in the Mississippi Valley), automatic records at a height 
of about a mile, with which to draw a synoptic chart of the upper air 
for forecasting in connection with a similar chart of surface obser- 
vations. The high-level chart could not be drawn regularly on ac- 
count of light winds at some stations, but much valuable data as to 
temperature-gradients were obtained, and these have been published. 
Since the work at Blue Hill was made known to foreign meteorolo- 
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gists, who have received drawings and models of our apparatus, the 
use of kites to obtain meteorological data has been taken up exten- 
sively on the Continent of Europe, and already the meteorological 
bureaus of France, Germany and Russia have established depart- 
ments for the purpose of obtaining observations in the free air with 
both kites and balloons. 

Whenever there is wind, kites possess advantages over any other 
method of exploring the air up to the height of at least 12,000 feet. 
Although only on mountains can observations be maintained con- 
tinuously at a uniform height, yet the conditions there are not those 
of the free air at an equal height. Observations in a drifting bal- 
loon are affected by the heated or stagnant air accompanying the 
balloon, and the progressive changes in the atmospheric conditions 
at one place cannot be studied, because, generally, these observations 
are not comparable with simultaneous observations made at one 
station on the ground. With kites, however, frequent ascents and 
descents permit the true conditions prevailing in superposed strata 
of air at definitely known heights to be obtained nearly simultane- 
ously. Kites can rise much higher than captive balloons which are 
borne down by the weight of the cable necessary to control them. 
Finally, kites cost very much less than either mountain stations or 
balloons. It appears, therefore, that in future the equipment of a 
first-class meteorological observatory should include the kite (and 
perhaps the German kite-balloon for use when the wind is lacking) 
so that automatic records may be obtained daily at the height of a 
mile or two in the free air, at the same time that similar observa- 
tions are made at the ground. 
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OUTLINE OF THE GEOLOGY OF LONG ISLAND IN ITS 
RELATIONS TO THE PUBLIC WATER SUPPLIES. 


By W. O. CROSBY.® 


GEOLOGICAL FORMATIONS OF LONG ISLAND. 


ALTHOUGH our knowledge of the geological structure of Long 
Island is still, in certain directions, very incomplete, the main feat- 
ures are now pretty well determined. We know that the island con- 
sists chiefly, at least, of the following formations, commencing with 
the lowest and oldest: 

First, the primitive or crystalline rocks (granite, gneiss, schist, etc.). 
These are a southward continuation of the formations of southern New 
York and Connecticut ; and they may safely be assumed to underlie 
the entire area of Long Island, although actually exposed to observa- 
tion only on the extreme northwest corner of the island. 

Second, the Cretaceous formation continued northeastward from 
New Jersey, and consisting of clays and sands in many alternations 
with occasional beds of gravel, especially near the base, which have 
proved in New Jersey to be important water-horizons. The Creta- 
ceous strata, which are 500 feet or more in thickness, slope gently 
seaward and, so far as known, rest directly upon the crystalline rocks, 
although it is not improbable that in the central and eastern parts of 
the island Jurassic and Triassic strata intervene. Only the Lower 
Cretaceous appears to be represented on Long Island now, the Upper 
Cretaceous, which also contains several good artesian sources in New 
Jersey, having been, apparently, worn off from the Long Island area 
before and during the formation of the Tertiary strata which overlie it. 





'This sketch of that part of the geology of Long Island having a bearing upon the 
public water supplies, has been prepared at the request and with the codperation of Mr. John 
R. Freeman, in connection with his investigation of the water supply of Greater New York, 
and is published by his permission. 

The writer’s opportunities for original observations on the geology of Long Island have 
been comparatively limited, and this summary, especially as regards the statements of fact, 
is, therefore, to a large extent a compilation from the writings of other students in this field, 
including especially Bryson, Dana, Hollick, Lewis, Merrill, Ries, Upham and Woolman. 
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Third, the Neocene Tertiary formation, including: (a) the Chesa- 
peake division, composed of the gray gravel, from 10 to 100 feet thick, 
which is, in general, an important water-horizon, and the great bed of 
blue clay with a normal thickness of 100 feet, overlying the gray 
gravel and forming with it one continuous formation; and (b) the 
heavy bed of yellow gravel, 50 to 100 feet thick, which now forms 
the surface over a large part of the island, and is by far the most 
important reservoir of the ground-water. 

Fourth, the terminal moraine of the great ice-sheet or continental 
glacier of northeastern North America, an irregular ridge composed 
chiefly of unstratified bowlder-clay, or glacial drift, built upon the 
elevated northern edge of the island, and sometimes called the “ back- 
bone” of Long Island. 


THE WATER-—BEARING STRATA. 


The water-bearing formations or horizons of Long Island are 
practically limited to the yellow gravel above the blue clay, the gray 
gravel below it, and certain layers of gravel and sand in the under- 
lying Cretaceous formation ; and, as will be set forth clearly in what 
follows, these are named here in the order of their value and avail- 
ability. The yellow gravel, which receives and holds almost the entire 
rainfall of the island, ranks first in importance; while the gray gravel 
and the Cretaceous gravels, being cut off from any possible influx of 
water from the mainland of Connecticut or New York, can afford but 
a limited and uncertain supply, which is likely to be stale or mineral- 
ized, and, if heavily drawn upon, to become brackish. 


GEOLOGICAL History oF Lona ISLAND. 


In order to understand the arrangement and succession of the 
strata, and to estimate the probability of copious and permanent sup- 
plies of water of good quality for domestic use being found in any 
particular stratum, we must study the history of the formations and the 
conditions under which their component strata were laid down. 

Origin of the Cretaceous Strata.—In late Jurassic and early Cre- 
taceous times, southern New England stood higher than now; and the 
Connecticut River, following the belt of red (Triassic) sandstone and 
shale southward to the present site of New Haven, continued sea- 
ward across a lowland which is now occupied in part by Long Island, 
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During Jurassic and Cretaceous times this region was being slowly 
base-levelled or reduced to the condition of a peneplain, partly through 
the agency of marine erosion during a slow subsidence of the land ; 
and the Cretaceous sediments, chiefly clays and sands, were depos- 
ited to a thickness of 500 and possibly 1,000 feet over the site of 
Long Island, reaching far inland over a large part of southern New 
England. There were, doubtless, many oscillations of level. During 
movements of subsidence, the sea, actively wearing away the sinking 
land, formed banks of gravel and sand near the shore, and deposited 
the clays and finest sands farther out in deep, still water; then, during 
movements of elevation, the gravel and coarse sand were swept sea- 
ward and spread over the clays; and thus, by many repetitions of this 
process, the alternating series of coarse and fine sediments was grad- 
ually built up. 

The land was then slowly elevated, exposing the newly formed 
Cretaceous sediments as a broad, smooth coastal plain across which 
the sluggish streams wandered seaward without regard to their deeply 
buried original channels. It thus happened that the Connecticut, 
below Middletown, abandoned its natural course as determined by the 
north-south belt of Triassic strata and wandered off to the southeast, 
reaching the ocean across what is now the east end of Long Island, 
west of Montauk Point. The Housatonic experienced a similar diver- 
sion to the southeast; but the Hudson adhered to its original north- 
south course to its present mouth at the Narrows, whence its channel 
may be traced by soundings southeastward across the sea-bottom for 
a hundred miles. As the Cretaceous strata were gradually worn away, 
the streams cut down through them into the crystalline rocks; and 
they necessarily held to these new courses after the Cretaceous beds 
had been completely removed from what is now the mainland. This 
explains the fact that while north of Middletown the Connecticut 
meanders through a wide north-south sandstone valley, south of Mid- 
dletown it abruptly leaves this valley and flows through a narrow 
gorge in the crystalline peneplain on which it was superposed in a 
purely accidental or fortuitous manner by the wearing down of the 
Cretaceous plain across which it had pursued the most direct sea- 
ward course. 

Origin of the Tertiary Strata, including the Gray Gravel, the 
Blue Clay, and the Yellow Gravel.— The erosion of the Cretaceous 
formation was followed by a second slow but less extensive submerg- 














Outline of the Geology of Long Island. 103 


ence of the land, during which were deposited the Tertiary strata. 
As the Tertiary sea slowly encroached upon the land, the Cretaceous 
strata remaining above sea-level were worked over by the waves, and 
the coarse material sorted out and deposited always near the advanc- 
ing shore to form a basement bed of coarse, dark gray gravel and 
sand, while the clayey element was deposited farther out in deep, 
still water to make the blue clay formation overlying the dark gray 
gravel and sand. This dark gravel and sand formation, which, although 
an important water-horizon, is more or less interstratified with clay, is 
commonly 10 to 20 feet thick, but sometimes much thicker (§0 to 100 
feet) where it fills hollows in the eroded Cretaceous beds. The over- 
lying blue clay is normally at least 100 feet thick, but in some places 
is much thinner, where it has been eroded before the deposition over 
it of the great mass of iron-stained quartz-gravel, the formation of 
which is explained in the next paragraph. 

Finally the shore-line, in its northward progress, reached the hard: 
crystalline rocks (granite, gneiss and schist) of the recently denuded 
Cretaceous peneplain of southern Connecticut; and the subsidence of 
the land beneath the waves was so slow and long continued, that the 
sea, codperating with subzrial agencies (rain, frost, streams, etc.), had. 
time to develop, for a breadth of 5 to 10 miles, a new (Tertiary) pene- 
plain several hundred feet lower than the Cretaceous peneplain. Dur- 
ing this slow process of peneplanation (wearing down of the land to 
an approximately plane surface) the sea also had time to reduce all 
the constituents of the crystalline rocks, except the quartz, to fine 
sand and clay, which were swept seaward by the waves and currents. 
and deposited in deep water remote from the land; while the resist- 
ant quartz, in the form of well-rounded pebbles or gravel, was left 
near the shore, covering the newly-formed Tertiary peneplain. The 
gravel is thus essentially a residuary product of long-continued marine 
erosion, although it probably consists in part also of the worked-over 
Cretaceous gravels, which had been similarly derived from the crystal- 
line rocks during the development of the Cretaceous peneplain and 
sediments. 

This slow subsidence of the land was probably followed by an 
oscillation (elevation and subsidence) during which the blue clay suf- 
fered some erosion, and the great mass of quartz-gravel was washed 
seaward and spread over the eroded surface of the Tertiary blue clay 
as we now find it, in a bed having a normal thickness of about 75 to 
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100 feet, but attaining a greater thickness up to 300 feet, where it 
fills hollows or valleys eroded in the blue clay. This immense body 
of residuary quartz-gravel which is now the principal surface forma- 
tion of Long Island, covering all the plain country both north and 
south of the terminal moraine, and which, by virtue of its superficial 
position and open (pervious) structure, is also the chief reservoir of 
the ground-waters, has become more or less stained with iron oxide, 
and is known by geologists as the yellow gravel. From the western 
end of Long Island the yellow gravel extends southwestward across 
Staten Island and the lowlands of New Jersey; and it is to be re- 
garded as one of the most important as well as one of the latest for- 
mations of the Atlantic seaboard. It belongs chiefly, at least, to the 
Lafayette division of the Neocene period; while the underlying blue 
clay and gray gravel may be referred, provisionally, to the Chesapeake 
division of the Neocene. 

Origin of the Terminal Moraine of Long Island. 
the important and long-continued elevation of the land which ushered 
in the great Ice Age, the total upward movement amounting, accord- 
ing to the evidence of the deep submarine channel of the Hudson 
River, to at least 3,000 feet. During this elevation of the land, the 
lateral tributaries of the Connecticut, Housatonic, etc., wore back 
the northern or landward edge of the bed of yellow gravel and the 
underlying clays and sands, developing the abrupt slope or escarp- 
ment which now forms the northern edge of Long Island, —a typical 
‘cuesta overlooking the inner lowland which is now occupied by Long 
Island Sound. 

As the land gained in height, the great ice-sheet slowly crossed 
the lowland, pushed against the cuesta, or northward-facing escarp- 
ment, distorting the strata; and finally surmounting the cuesta, built 
upon its crest the terminal moraine, which is largely composed of 
yellow gravel, clay and sand scraped up by the ice from the northern 
face of the ridge. 

Description of the Terminal Moraine.—The moraine is, in places, 
several miles wide, and ranges in height from nothing to about 200 
feet, presenting, where most typically developed, a strongly undulat- 
ing surface —a disorderly grouping of winding ridges, hummocks and 
hollows, with many closed basins or “kettles.” 

The moraine, known commonly as the “backbone” of Long Island, 
is most normally developed toward the west end of the island, in 
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Brooklyn, where the till, or bowlder-clay, attains its maximum thickness 
of 150 to 200 feet, and thence eastward to Roslyn, or as far as the 
Sound is narrow. As the Sound widens eastward we find that the 
proportion of material which was brought across from the mainland 
by the ice-sheet steadily diminishes ; and the moraine is composed in 
increasing proportion of sand and gravel scraped up and pushed up by 
the ice from the northern or scarp face of the cuesta, with occasional 
bowlders of granite, gneiss, etc., sometimes of great size (10 to 30 
feet in diameter), resting upon it. 

The deep, fiord-like indentations or bays of the northern coast all 
have a south-southeast trend, coinciding with the direction of glacial 
movement ; and there can be no doubt that they were formed chiefly, 
if not wholly, by the scouring action and thrust of thick lobes of the 
ice-sheet. It is of special interest in this connection to note that the 
highest and broadest parts of the moraine lie in the trend of these 
fiords, or just where the theory that the fiords were plowed out by the 
ice would lead us to expect a special accumulation of material. Thus, 
south-southeast of the indentations of the coast named below, we find 
the corresponding hills. 

Hempstead Harbor, Harbor Hill, 384 feet high. 

Cold Spring Harbor, Janes Hill, 383 feet high, and other hills 
above 300 feet, including the ridge extending south to Bethpage. 

Huntington Bay, Dix and Comac Hills, 250 feet. 

Smithtown Harbor, Mt. Pleasant, 200 feet. 

Stony Brook Harbor, Bald Hills, 200 feet. 

Port Jefferson Harbor, Reuland’s Hill, 340 feet. 

Wading River, Terry’s Hill, 175 feet. 

That the clay ridge or ridges extending south-southeast from Cold 
Spring and Huntington Harbors to Bethpage and West Deer Park are 
due to glacial thrust appears reasonably certain, the overlying gravel 
having been largely scraped off by the movement of the ice. 

The southern limit of the ice action is very indefinite, being 
marked chiefly by scattering bowlders. While the ice-sheet was build- 
ing its moraine, the water resulting from its melting partly escaped to 
the southward, washing more or less sand and gravel down across the 
northern edge of the broad plain of yellow gravel extending from the 
moraine to the southern coast. This over-wash material, or apron- 
plain, is probably relatively unimportant, and we may regard the main 
body of the gravel forming this great plain as preglacial, and as ex- 
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tending continuously through the morainal tract to the northern coast. 
In fact, the moraine itself is chiefly due to the mashing and scrap- 
ing up of the gravel, as previously stated. The accompanying diagram- 
matic section by Hollick shows the general relations of the moraine 


to the underlying formations, and the highly disturbed and crumpled 
condition of the latter. 








DIAGRAMMATIC SECTION SHOWING THE GENERAL RELATIONS OF THE MORAINE 
TO THE UNDERLYING FORMATIONS. After Hollick. 


Post-glacial Deposits and Changes. — Since the recession of the 
ice-sheet, the land has subsided until the sea has covered the inner 
lowland, forming Long Island Sound; and it is supposed that this 
part of the coast, after one or more oscillations, is still slowly sink- 
ing. By virtue of the monoclinal structure, the strata all dipping 
to the south 10 to 25 feet per mile, the northern coast of the island 
is bold and sharply defined, while the southern coast is shifting and 
indefinite, and bordered by a continuous line of barrier beach. 

The recent studies of glacialists afford fairly accordant indications 
as to the length of post-glacial time, the most probable estimate being 
that something like 10,000 years have elapsed since the final disappear- 
ance of the great ice-sheet from the latitude of Long Island. The 
only noteworthy changes in the geological formations of Long Island 
during this post-glacial period are the construction by the waves of 
the barrier beach along the southern coast, the erosion of the head- 
lands of the northern coast, and the partial silting up of the bays, 
harbors, and inlets of both coasts. The extent of subzrial erosion 
during the same period has been almost inappreciable, owing largely, 
as explained in the next paragraph, to the high porosity of the yellow 
gravel, which prevents the formation of surface streams. 

The preservation of the integrity of the plain of yellow gravel 
south of the moraine and forming from one-half to two-thirds of the 
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entire area of the island, through glacial and post-glacial times is un- 
doubtedly due to the well assorted and consequently highly porous 
character of the material, which absorbs the rain-water and prevents 
the formation of surface streams above the general water-level of the 
plain. Where the gravel is so situated that it can be undermined by 
the washing away of the underlying clay, the gravel must, of course, 
suffer erosion with the clay. But over its upper surface the gravel 
is almost impregnable, so that its geological age is out of proportion 
to the slight amount of erosion which it exhibits. 

The yellow gravel must have been, when first deposited, white or 
non-ferruginous, for the mechanical action of the waves would soon 
remove the pellicle of iron oxide which now invests each pebble; and 
the present iron-stained condition of the gravel is an index of its 
porosity, being clearly due to the percolation and evaporation of 
meteoric water, probably at a time when the land stood higher than 
now, and the water-level may have sunk in dry seasons to the bottom 
of the gravel, giving the atmosphere a chance to penetrate and per- 
oxidize the dissolved iron, one source of which is, perhaps, to be found 
in the pyritiferous blue clay, especially where it has been scraped up 
to form a part of the terminal moraine. 

Summary of the Geological Structure and Correlation of the 
Strata. — Regarding Long Island as it now exists, we find that it is a 
sloping plain from 10 to 20’miles wide, and from 100 to 200 feet high 
along its deeply indented northern edge. On this high edge is built 
the terminal moraine, adding from zero to 200 feet to the height. 
The crystalline rocks are exposed only on the extreme northwest cor- 
ner of the island, in Long Island City and the immediate vicinity of 
Hell Gate. The surface of the crystalline rocks slopes to the south- 
east, and probably at a somewhat uniform rate, gaining a depth of 
about 550 feet below sea-level in the first five miles, as shown by the 
artesian well at Woodhaven. 

Upon this crystalline floor rests the great thickness of Cretaceous 
sands and clays. The Cretaceous outcrop is very largely covered by 
the terminal moraine, but its southeastern border is a line extending 
from Bay Ridge, on the Narrows, to Eaton’s Neck, on the shore of the 
Sound. The outcrop of the bed of dark gray sand and gravel separat- 
ing the Cretaceous and Tertiary, and forming the lower water-horizon, 
is quite clearly indicated by the east-west indentations of the shores 
of the northern bays, from Manhasset to Eaton’s Neck. The inter- 
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vening headlands or necks are thus more or less completely divided, 
the Cretaceous clays outcropping on the northern member, and the 
Tertiary clays on the southern member of each neck. Beyond Eaton’s 
Neck, however, the Cretaceous clays are wanting; and in the vicinity 
of Port Jefferson and on Crane’s Neck we have only the Tertiary 
clays. The southern border of the Tertiary clay outcrop passes near 
the head of each bay or harbor. In consequence, however, of the 
disturbance of the strata due to the pressure and thrust of the ice- 
sheet, the Tertiary clay also outcrops south of this line, at East Wil- 
liston, Bethpage, and West Deer Park. 

Near Brooklyn the normal dip of the strata is southeast, and far- 
ther east it is south-southeast. The dip evidently exceeds the slope of 
the broad coastal plain (10 to 20 feet per mile), averaging perhaps 25 
feet per mile. From a comparison of the Woodhaven and Barren 
Island artesian wells, Woolman concludes that the normal dip in that 
part of the field is south-southeast, about 45 feet per mile. 

The Cretaceous formation is a complex of coarse and fine sedi- 
ments —a constant alternation of sand and clay, with some gravel, 
through a great thickness. The blue clay is in part distinctly carbon- 
aceous (black) and characterized by carbonized wood, or lignite, and 
both disseminated and nodular sulphide of iron (marcasite). Super- 
ficially, also, the clay is often oxidized to buff and brown tints. 

The fact that on Long Island the outcrops of the Cretaceous and 
Tertiary strata are almost completely covered by the terminal moraine, 
and the further facts that these formations are unlithified, and that in 
the morainal belt they have been very extensively disturbed and dis- 
placed by the pressure, thrust and abrasive action of the ice-sheet, 
have baffled all attempts to unravel the details of the stratigraphy and 
obtain the data for a satisfactory correlation with the formations of 
New Jersey by surface observations. It is obvious that for the solu- 
tion of this problem we must depend chiefly upon the records of arte- 
sian wells and other borings, and these are as yet insufficient for the 
purpose. Greensands, which are such a prominent feature of the 
Upper Cretaceous of New Jersey, are conspicuous by their absence 
on Long Island. This fact, with others of like import, and the 
absence of distinctive fossils, indicate that the Upper Cretaceous, at 
least above the Clay Marls, is, in the main, unrepresented on Long 
Island. This may be due to non-deposition, but quite as likely to the 
erosion which preceded and attended the advent of the Tertiary strata; 
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for the borings indicate very plainly a strong erosion unconformity 
between the Cretaceous and Tertiary. 

That the blue clay, with the intercalated and underlying sands and 
gravels, represents the Chesapeake division of the Neocene Tertiary 
is reasonably certain; but it does not appear that the diatomaceous 
phase of the clay is well or distinctly developed on Long Island. The 
yellow gravel, which rests in entire unconformity upon all the older 
formations, may, in the main, at least, be referred with confidence, as 
in New Jersey, to the Lafayette division of the Neocene; while the 
modified drift south of the moraine, consisting to a large extent of 
the yellow gravel, and not always readily distinguishable from it, but 
with incorporated subangular pebbles of granite and gneiss and other 
glacial detritus, is clearly the equivalent of the Columbia division of 
the Pleistocene. 


RELATIONS OF THE GROUND—WATER TO THE GEOLOGICAL 
STRUCTURE. 


WATER-BEARING FORMATIONS OF THE ATLANTIC SEABOARD.! 








Age. | Formation. Thickness, 
PLEISTOCENE . r slacial drift, including the terminal moraine. 
Columbia, or glacial gravel south of the moraine. 
(1 afayette— Yellow Gravel. 
NEOCENE } Chesapeake — Marls, clays and sands, and the great 
Diatom bed. 
EOCENE. . + + + +| Shark River — Part of Upper Marl bed. 12 feet. 
Preenenyge te of Upper Marl bed. 65 feet. 
Rancocas — Middle Marl bed. 50 feet. 
UpPER CRETACEOUS . } Red Sand. 50 feet. 
| Monmouth — Lower Marl bed. 100 feet. 
{| Matawan—Clay Marls. 275 feet. 
LowER CRETACEOUS .| Raritan— Plastic Clay. 347 feet. 
Jura-Trmas . «6s Red shales and sandstones, with trap sheets. 











1Compiled from the Reports of the Geological Survey of New Jersey. 
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Principal Water-Horizons of New Jersey 
y 


First Horizon. — The Raritan Group. This may be defined as 
a group of two or three horizons in heavy gravel and cobble strata 
near the base of the Plastic Clays, which clays are variously colored 
white, yellow and red, or they are mottled in all these colors. The 
color of the water-yielding gravels maybe defined as a yellowish 
white in contrast with those of the next higher horizon, which are of 
a bluish white. 

SrconpD. — The Sewell Horizon. At the top of the Plastic Clays 
and base of the Clay Marls. The water-bearing gravels are often very 
coarse. Their color is a bluish white in contrast with those of the 
first group. 

Tmrv. — The Woodbury-Wenonah Horizon. This horizon is near 
the base of the Clay Marls. In the region about Woodbury, the depths 
of the various wells seem somewhat too irregular to indicate a well- 
defined water-bearing sand ; and this horizon is there probably distrib- 
uted through a considerable thickness of laminated sands; while in the 
neighborhood of Wenonah the horizon, according to our present infor- 
mation, is not so thick, and yet appears to be more decidedly a single 
sand bed. 

Fourtu. — The Cropwell Horizon. This horizon is midway in the 
Clay Marl or Matawan formation. It is not, so far as yet known, more 
than a few feet thick, but yields mostly a satisfactory quality of water, 
often doing so at points where the water from the next higher horizon, 
as is occasionally the case, proves somewhat too highly charged with 
iron. 

Firtu.— The Marlton Horizon. At the top of the Clay Marls 
and base of the true greensand marl series, which consists of the 
Upper, Middle and Lower Marl beds. 

Sixtu. — The Lindenwold Horizon. A few wells have been de- 
veloped in this horizon, which is within the Bryozoan limesands next 
above the Middle Marl bed. 

SEVENTH. — The 950-foot Atlantic City Horizon. This horizon 
may be regarded as one not yet thoroughly defined. The only wells 
so far known that can draw from it, are one each at Winslow and 
Berkeley, and one to the 950-foot horizon at Atlantic City. This 
horizon is probably at the base of the Neocene and top of the Eocene 
beds. 


+ Compiled from the Reports of the Geological Survey of New Jersey. 
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E1cutu. — The 800-foot Atlantic City Horizon. About 150 feet 
higher than the preceding one, and about 125 feet below the base of 
the great 300 to 400-foot Diatom bed in the Neocene. 

Nintu. — The 700-foot Atlantic City Horizon. About 100 feet 
or more higher than the fifth, and a little below the base of the great 
Diatom bed in the Neocene. 

Minor horizons yielding much less water than those above listed 
occur above the ninth or 700-foot Atlantic City horizon, in or in close 
connection with, the great Diatom clay bed of the Chesapeake division 
of the Neocene strata. 

Tentu. — The Yellow Gravel Horizon. Of very exceptional im- 
portance on Long Island. 


Passing along the coast northward from Barnegat, New Jersey, 
some of the upper of these horizons would not be met with at all 
points, but southward from Barnegat if a well were drilled anywhere 
sufficiently deep, it would probably find all of them, unless perhaps 
a few of the thinner ones which have as yet only been developed in 
the central and western parts of the coastal plain, might not con- 
tinue as open sands so far seaward. 

The following table gives, where known, the approximate interval 
in feet from the top of one horizon to the top of the next: 


, 
WatTER-HorIzons IN STRATIGRAPHICAL ORDER, COMMENCING AT THE TOP. 


YELLOW GRAVEL. 
700-foot Atlantic City horizon. 

Interval about 100 feet. 2 « « e« Neocene. 
800-foot Atlantic City horizon. 

Interval about 150 feet. 


950-foot Atlantic City horizon. E 
_ « « « Eocene. 


Iifterval not yet known. 


Lindenwold horizon. 

Interval about 50 feet. 
Marlton horizon. 

Interval about 115 feet. 
Cropwell horizon. 

Interval 125 to 150 feet. , « «© o« « Cretaceous. 
Woodbury- Wenonah horizon. 

Interval about 70 feet. 
Sewell horizon. 

Interval not yet determined. 
Raritan horizons. A group. 
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The principal horizons near the coast in northern New Jersey are 
the Woodbury-Wenonah and the Cropwell. The southward increase 
in the depths of these horizons is shown by the following data: 

















LocaLtirty. Cropwell Horizon. Woodbury-Wenonah Horizon. 
Asbury Park . « . + & » 400 feet. 525 feet. 
Goean Grove . 1. « 4 « « 400 feet. 525 feet. 
Meets, 6) a" eee) ee 500 feet. 650 feet. 
DEN GaSe oe ae me 4 600 feet. 735 feet. 
Ray S1GAR 6 se 4 8) es 710 feet. 885 feet. 
Mantoloking . . 4 » « « 790 feet. 922 feet. 











Both of these horizons are in the laminated sands (sands alternat- 
ing with clays) forming the upper part of the Clay Marl formation. 
The Clay Marl is 275 feet thick, and is separated from the Triassic 
by 347 feet of Plastic (potters’) Clay and lignite of the Raritan forma- 
tion —the basal member of the Cretaceous. 


The Water-Horizons of Long Island. 


Long Island is almost as completely isolated geologically as it is 
geographically. The fact that its sedimentary formations do not out- 
crop on the mainland of Connecticut or New York makes it entirely 
impossible that they should derive water directly from the rainfall of 
those regions; and when we consider the massive structure of the 
underlying crystalline rocks, and still more the continuous barrier 
presented to the westward by the great trap-sheet forming the Pali- 
sades of the Hudson and extending south through Jersey City, Bergen 
Point and Staten Island to Perth Amboy in New Jersey, it becomes 
evident that it is equally impossible by deep subterranean flow. 

Southwestward, the Cretaceous and Tertiary formations of Long 
Island are undoubtedly continuous with those of Staten Island and 
New Jersey; and with no barrier intervening, save the sea; but the 
movement of the ground-water along the strike of the strata for so 
great a <l'stance is in the highest degree improbable. We must, there- 
fore, conclude that the rain-water falling on Long Island is the only 
possible source of the fresh water contained in its strata. 
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The Raritan and Clay Marl formations are probably the only divi- 
sions of the Cretaceous represented on Staten and Long Islands, and 
the Clay Marl only imperfectly. 

In New Jersey, where the Cretaceous strata outcrop wholly on the 
land, some of the sand and gravel layers are, as the preceding notes 
show, important water-horizons ; in fact, a principal source of the 
artesian supplies. But on Long Island these coarse, water-bearing 
strata appear to be less persistent, and they outcrop mainly below sea- 
level. They thus lack an appreciable hydrostatic head; and if they 
were heavily drawn upon, the water might become brackish. In only 
three of the Long Island wells of which we have authentic records, 
is a satisfactory supply of water obtained from the Cretaceous beds. 
One of these is test well No. 25, of the Brooklyn Water Supply, and 
the other two are on Barren Island, in Jamaica Bay. The latter are 
flowing wells, yielding fifty gallons each per minute of excellent water 
from a stratum 30 feet thick of yellowish white coarse sand and fine 
gravel, with clay above and below. This is supposed to belong to the 
top of the Plastic Clay (Raritan), though possibly to the base of the 
Clay Marls (Matawan); and in the report of the State Geologist of 
New Jersey for 1896, it is stated that the water horizon opened by 
this well can probably be relied upon to supply fresh water to many 
of the beaches to the eastward along the southern coast of Long 
Island. It is also stated that the coarse white sand and gravel found 
in the Woodhaven well between 456 and 515 feet is probably the 
same bed as the water horizon at Barren Island (690-740 feet) and 
that it could probably be made to yield water at Woodhaven. The 
artesian well at Barnum Island (383 feet) is believed to end in the 
upper part of the Clay Marls. It affords but little water, and in spite 
of the few successful wells, there appears to be but little encourage- 
ment to extend borings or wells into the Cretaceous; but it does 
appear to be a matter of importance to discover by systematic borings 
the valleys which were eroded in the Cretaceous and subsequently 
filled by the gray sand and gravel series underlying the blue clay. 

Omitting the Cretaceous, the formations of Long Island present, 
in a general view, two principal water-horizons, the gray gravel and 
sand below the blue clay, and the yellow gravel and sand above it. 
The blue clay and the gray gravel and sand normally underlying it, 
but also more or less interstratified with it, appear to be merely the 
coarser and finer parts of the same formation; and the fact that the 
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gray gravel and sand in not a few instances are not water-bearing, is 
doubtless due in part to their lack of continuity where inclosed in 
the clay, and partly to the clay which they contain. Unlike the 
yellow gravel, the water-bearing quality of the gray gravel cannot 
be depended upon, but must be determined by trial. 

Through the erosion of the blue clay, material was provided to 
form the limited beds of clay which are encountered here and there 
in the yellow gravel. These are found chiefly, as we should expect, in 
the lower part of the gravel, and in the south part of the island, as 
shown in borings Nos. 22 and 25, of the Brooklyn Water Works, 
They are probably rather rarely of particular value in determining the 
flow of water, since they are not likely to outcrop at the surface ; and 
we may suppose that in some cases they are so limited in area that 
water descending vertically through the gravel might flow over the 
edges of the intercepting lenses or patches of clay, and so descend to 
lower levels. 

It is not improbable that erosion before the deposition of the 
yellow gravel has cut at some points entirely through the blue clay, 
so that the yellow gravel now rests directly upon the lower gravel or 
the Cretaceous strata. Such breaks in the blue clay would almost 
certainly have north-south trends ; and except along such lines, if they 
exist, the intake or catchment area of the lower or dark gray gravel is 
necessarily confined to the north shore and must be conceded to be 
rather limited. In other words, this lower gravel is a reservoir of 
great capacity and with a head of say 200 feet, which is now full 
of water. But if the reservoir were drawn upon heavily, the intake 
might prove insufficient to keep it full. An important consideration 
in this connection is that the intake or outcrop of this gravel crosses 
all of the harbors between Brooklyn and Eaton’s Neck; while east of 
Eaton’s Neck it is wholly under the sea, suggesting the possibility 
that if subjected to large drafts it might in time yield brackish water, 
at least at some points. The intake or catchment area of the upper 
gravel, on the contrary, is from 10 to 1§ miles wide; and since this 
gravel averages at least 100 feet in depth, its store of water would 
seem to be practically inexhaustible, for the rainfall promptly sinks 
into the gravel with very little loss by either evaporation or surface 
drainage. Again, the normal intake of the lower gravel being on the 
north side of the island where the strata are so greatly disturbed, it 
is by no means certain that the flow would be wholly or mainly to the 
south. 
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The sedimentary formations of Long Island are not now exposed 
on the north shore of the Sound, and it is probable that, except for the 
drift and post-glacial silting, the crystalline rocks form the immedi- 
ate floor of the Sound over its entire northern slope, only the abrupt 
southern slope consisting of the Cretaceous and Tertiary strata. 

The highly disturbed condition of the strata on the north side of 
the island, and the infrequency of satisfactory outcrops, makes the 
construction of an accurate or detailed section impossible. Another 
very uncertain factor is introduced by the strong erosion of both the 
Cretaceous and Tertiary clays before the deposition over them of the 
water-bearing gravels. This cause of irregularity probably extends 
quite across the island, and it is for the determination of these erosion 
hollows and the great depths of gravel filling them, that systematic 
borings are especially needed. 

The abruptness of the north shore, and the disturbed condition of 
the strata, which often dip to the north, make it impossible, also, to 
attach much importance to the portion of either gravel-horizon north 
of the moraine. The yellow gravel is naturally the most disturbed, 
but it also has a large catchment area, which is almost wholly above 
sea-level, while the lower gravel, although quite certainly less disturbed 
and dipping quite steadily to the south, has a relatively limited catch- 
ment area, and that is largely submarine. The water in the lower 
gravel, having no natural outlet, must be essentially stagnant, and so 
remain until tapped by deep wells along the southern shore. This 
fact, together with the abundance of wood and other carbonaceous 
matter, and of marcasite (iron sulphide), affords an explanation of 
the comparatively stale and mineralized character of this water. 

The Bethpage and West Deer Park ridge of Tertiary clay greatly 
narrows the plain of yellow gravel, and must accentuate its basal 
slope. This clay, which appears again near Lake Ronkonkoma, prob- 
ably attains a high level near the southern margin of the moraine 
from Bethpage eastward. Therefore, little reliance should be placed 
upon the yellow gravel north of this line; and borings are urgently 
needed to test the thickness of the yellow gravel and the depth and 
gradient of the water-level in it, before plans for the development of 
the Brookhaven watershed are fully matured. 

The following list of Artesian wells in Long Island is not exhaust- 
ive, embracing only those of most particular geological interest. The 
wells designated by number are test wells of the Brooklyn Water 
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Works. In tabulating the borings it has been found advantageous 
to generalize the data in order to bring out more clearly the main 
geological facts. The first four borings in the tabulated list (Jamaica, 
Jericho, Hollis and Port Eaton) represent the northern edge of the 
field, while all the others are near the southern margin and mostly 
near the conduit line where it crosses the Hempstead Plains. 

a. The Cretaceous in this well consists, downward, of gray clay 
with wood, 19 feet; fine sand with ‘wood, 36 feet ; fine sand and clay, 
with wood, 11 feet; fine sand with wood, 38 feet = 104 feet. 

6. The blue clay is described as sandy clays; the gray gravel is 
really a fine gray quicksand; the Cretaceous consists of alternating 
beds of sand and clay with some lignite, in beds from 5 to 50 feet 
thick, representing both the Matawan and Raritan; the well pene- 
trated 21 feet into the gneiss. 

c. The 104 feet of dark sand and gravel is probably in part 
Cretaceous. 

ad. The gray gravel is probably included with the Cretaceous. 

e. The yellow gravel is all sand; the blue clay is described as 
gray clay with wood and pyrite; the gray gravel as gray sand with 
wood; and the Cretaceous as clay and sand with wood. 

jf. The blue clay and gray gravel may be included in the 276 feet 
of alternating sand and clay, with wood. 

g. Two driven wells near Barnum’s Island, 97 and 194 feet deep, 
failed to find the bed of blue clay, which is 56 feet thick in the arte- 
sian well. This indicates local erosion of the blue clay during the 
deposition of the yellow gravel. The Cretaceous of this well is be- 
lieved to be the Matawan or Clay Marls. It contains much fossil 
wood in the form of lignite. The 480 feet of Cretaceous strata in 
the Barren Island wells represent, according to Woolman, both the 
Matawan and the Raritan. 

h. Clay in the yellow gravel from 56 to 67 feet; the blue clay 
consists of sand and clay, with wood; the gray gravel is not distinctly 
developed ; the Cretaceous consists of numerous alternations of clay, 
sand and gravel, with wood and pyrite. No water below the yellow 
gravel except a little between 329.6 and 338.6 feet. 

7. Clay in the yellow gravel from 52 to 74 feet; the blue clay 
and Cretaceous are essentially the same as in No. 22. 

j. Clay in the yellow gravel from 68 to 78 feet. 

k, Clay in the yellow gravel from 53.8 to 61.8 feet; the blue 
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NuMBER AND LOCATION. 


Elevation of 
surface 


LAFAYETTE. 


CHESAPEAKE. 























Yellow gravel. Py 
No. 11, Jamaica 19.2 95 95 
Jericho ? 147 51 
No. 6, Hollis Sta. (a) 58.6 302 
| 
Dat Eaton . « « ~« | 4 265 
East New York | 149 
| 
Woodhaven. (4) « | 35:6 | 213 145 
No. 5, Ridgewood . 61.8 | 193 87 
: eae: 
— Li miles S. E. from 8.6 | 117.4 3 
pt ee . . . . . . } 
Baisley’s . | 6.7} 106 50 
No. 1, S. of Baisley Pond. 5.5 | 88 53 
No. 4(a), Jameco . 7 79 58 
No. 2, 4 mile E. é 
3 oa E. from 7.4 84 69 
No. 3, 4 mi “ = 
5 E. from 9.8 87 115 
No. 8, bet. Nos. 3 and 7. | 10 72 139 
N y 
ta ye) tee — 16 65 1 
N C 
Me re of — gfield 10.3 110 20 
No. 12, W. of Rosedale 2 
Sta. (f) i | 38 130 : 
No. 10, N. E. of S — ” 
field Sta... 2 89 5 
2 ‘ High 
Barren Island tide. 260 
Barnum’s Island, (g) . 3 (?) 70 56 
Fenhurst . ee 54 46 
No. 22, E. of Valley 
Stream. (4) . . « 17.4 82 87 
No. 23 } ick Sta. i = 
ae near — Sta. 16.7 | 73 107 
No. 24, near No. 23. (7). | 16 | 78 122 
} 
No. 25, at Watts Pond 
mee (2) sk 8.2 | 95 89 
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g bs REMARKS. 
1 2 
5) & 
| 198 | Water in gravels. 
Drift 51 ft.; yellow gravel 
| | oe 
No water below yellow 
104 406 gravel. : 
265 Salt water to 205 ft.; fresh 
‘ water at 263 ft. 
149 Ended in sandy clay with 
lignite. 
139 577 Ended in gneiss; little 
| water. 
. | 284 | Water in gravels. 
139.4 | Water in gravels. 
200 Water in gravels. 
155 Water in gravels. 
150 | Water in gravels. 
257 Water in gravels. 
277 No water below yellow 
: gravel. 
No water below yellow 
295 gravel. 
No water below yellow 
“7 419 gravel. 
é| os No water below yellow 
“| 271 gravel. 
No water below yellow 
si 406 gravel. 
el No water below yellow 
_ 357 gravel. 
Two wells; 50 gallons 
~ 740 each per minute. 
215| 383. | No water. 
-» | 157 | Four wells; flow largely. 
No water below yellow 
370 gravel. 
No water below yellow 
205) 390 gravel. 
Sands are water-bearing. 


aed 331 
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clay consists of sand and gravel, 35 feet, and clay 54 feet; and the 
Cretaceous consists of alternating clay, sand and gravel, with wood. 

In studying these borings, the erosion of the blue clay before and 
during the deposition of the yellow gravel over it demands particular 
attention. A valley in the blue clay is thus clearly shown by borings 
Nos. 9 and 12; while in the Hollis well (No. 6), and the Barren Island 
wells, erosion has cut entirely through the blue clay and the underly- 
ing gravel, so that the yellow gravel rests directly upon the Cretaceous 
beds. In this connection the gray gravel and sand normally under- 
lying the blue clay are to be counted as a part of it, and in some 
cases, perhaps, where the clay is wanting, as its full equivalent. 

The data are obviously insufficient to define satisfactorily all the 
erosion troughs or valleys in either the Tertiary or Cretaceous clays ; 
and the need of a systematic exploration of the coastal plain by wash 
drill borings is apparent. 

The deep well at Port Eaton on the north shore is of special inter- 
est. The water-level is at the surface, which is only 4 feet above sea- 
level. The well is 265 feet deep, and wholly in the yellow gravel and 
sand. Salt water was obtained at intervals to 205 feet, and fresh 
water was first found at 263 feet. 

This is a most striking instance of the disturbance and displace- 
ment of the strata by the ice-sheet. The ice is estimated to have 
been anywhere from a thousand feet to a mile in thickness; and no 
doubt its dead (vertical) weight as well as its thrust was an important 
factor in squeezing out the blue clay and depressing the yellow gravel 
and sand. The dip of the beds must be to the north here, and the 
great depth at which the first fresh water was found would seem to 
show that the movement of the ground water is northward for a con- 
siderable distance back from the shore. This well, therefore, strength- 
ens the general conclusion that the northern watershed cannot be 
depended upon to furnish water to the yellow gravel south of the 
moraine. 

That the yellow gravel is continuous under, or underlies, the mo- 
raine, there can be, as stated, no reasonable doubt; and it is probably 
the chief source of the water afforded by wells located on the moraine, 
as in Brooklyn and Long Island City, where the records show that the 
wells pass through from 50 to 150 feet or more of bowlder-clay to a 
coarse, clean gravel yielding good and copious supplies of water. 

The details of a few of these wells are quoted from the New 
Jersey Reports for 1897 and 1808: 
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Five wells in the 26th ward of Brooklyn, gave: loam and fine sand, 
10 feet; water-bearing gravel, 25 feet; clay, 1 foot; sand and gravel, 
35 to 65 feet; and then clay (probably the blue clay). The collective 
yield of these wells is 2,000,000 gallons in 24 hours. The yellow 
gravel is, evidently, the surface formation here. The well at Mal- 
colm’s Brewery, in Brooklyn, 62 feet deep, presents similar conditions. 

Four wells in Long Island City, 100 to 135 feet deep, passed 


‘through bowlder-clay to a coarse gravel which yields from 75 to 125 


gallons of good water per minute. This is probably the yellow gravel 
beneath the moraine. 

In the following wells the yellow gravel is wanting, having, appar- 
ently, been scraped away by the ice-sheet: 


ARTESIAN WELL IN CALVARY CEMETERY, BROOKLYN. 


Drift, (Moraine) ‘ ‘ : - ; 2 q 4 139 feet. 
Greenish earth (Glauconitic ? ) Cretaceous : P : 39 feet. 
White clay : : ° ‘ : : . . ° 4 feet. 
Gneiss ‘ ° = ° ‘ - ° ° ‘ P 400 feet. 

582 feet. 


ARTESIAN WELL OF THE Nassau GAs-LIGHT COMPANY, WILLIAMSBURG 
Drift, (Moraine) e ‘ 2 ‘ ‘ : ‘ P 75 feet. 
Blue clay with pebbles «+ . . ° . ° ° 27 ~~ ‘feet. 
Oyster shells. ° . ° n° ° ° 0.5 feet. 


102.5 feet. 
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NOTES ON THE GEOLOGY OF THE SITES OF THE 
PROPOSED DAMS IN THE VALLEYS OF THE HOU- 
SATONIC AND TEN MILE RIVERS? 


By W. O. CROSBY. 
GENERAL GEOLOGY. 


Tuis is a region of crystalline rocks — granite and gneiss, with 
narrow belts of limestone and mica schist. The general trend of 
the formations is approximately north-northeast and _ south-south- 
west; and the principal streams exhibit in general a marked ten- 
dency to follow closely the easily eroded bands of limestone, this 
rock forming at most points the bottoms of the valleys. The valley 
of the Ten Mile River is excavated in an exceptionally broad and per- 
sistent belt of limestone trending in a general north-south direction ; 
and the much narrower limestone band of the Housatonic Valley, with 
its south-southwest trend, joins this at the confluence of the two 
rivers ; and this is just the point where the Housatonic River turns 
abruptly to the south-southeast to forsake the limestone and pursue 
its devious course across the hard crystalline rocks of southern 
Connecticut to Long Island Sound. 

These facts point very distinctly to an important diversion of the 
drainage; and it is probably a safe conclusion that the united Hou- 
satonic and Ten Mile drainage once continued in the direct line of 
the Ten Mile Valley into what is now the basin of the Croton River. 
The vicinity of Webatuck is the same critical point for the Housatonic 
River that we have for the Connecticut at Middletown, where it leaves 
the broad valley of soft Triassic sandstone and shale and pursues a 
southeastward course to the Sound across the much harder granitic 
rocks. 

This means that during the Cretaceous period the entire region 
was worn down to an approximate base-level or peneplain repre- 





*This paper, like the preceding, has been prepared at the request and with the codper- 
ation of Mr. John R. Freeman, in connection with his investigation of the water supplies of 
Greater New York, and is published by his permission. 
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sented roughly by the crests of the existing ridges and heights of 
land; and this peneplain was covered at least as far north as Middle- 
town and Webatuck by Cretaceous strata, forming a plain which 
sloped gently seaward — south-southeast. Across this plain, as it 
was slowly elevated above the sea, the rivers meandered seaward, 
uninfluenced by the structure of the hard rocks beneath. In a com- 
paratively short time, geologically speaking, this cover of soft Creta- 
ceous sediments was worn away, and the rivers were let down upon 
the hard surface of the peneplain ; and, although finding themselves 
out of sympathy with the geological structure at most points, they 
have been obliged to hold to these courses ever since. We are thus 
able to account for the fact that the Housatonic River turns abruptly 
from the belt of limestone, in which its valley is excavated for many 
miles to the northward, and cuts obliquely through a massive ridge 
of granitic and gneissic rocks, the valley narrowing to a gorge as it 
enters the harder formation. 

According to this view, the Croton watershed is only the lower 
part of a drainage system which once extended northward into Colum- 
bia County and into Berkshire County, Massachusetts. That the Cro- 
ton Valley has been beheaded at Pawling, the present water parting 
of the Croton and Ten Mile drainage systems, is very obvious. We 
find here a broad, level, north-south valley which is out of all pro- 
portion to the insignificant streams which now flow sluggishly 
through it and pose as its architects; and the divide, which is also 
the site of Pawling Village, is almost imperceptible. 

The relative narrowness of the valley of the Housatonic River 
above its junction with the much smaller Ten Mile River, and the fact 
that in the town of Cornwall it crosses an important area of granite, 
suggest that it may have once pursued the more direct course offered 
by the broad band of limestone, which leaves the present valley of the 
Housatonic in the vicinity of Falls Village in Canaan, Connecticut, 
and extends southwesterly vza Lime Rock and Sharon to the Ten 
Mile as the floor of a broad, continuous valley, in which we now find 
no commensurate stream. 

One of the most striking and significant features of these valleys, 
and especially of the broad, lower valley of the Ten Mile, is the fact 
that the immediate valley of the river is, at most points, a compara- 
tively narrow and steep-walled gorge cut to a depth of a hundred feet 
or more in the broad and approximately level, or only moderately 
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undulating, floor of limestone from a mile to two miles wide between 
the main valley walls of schist and granite. This broad limestone 
terrace, which is developed chiefly between the contours of 400 and 
‘500 feet and is most noticeable when viewed from its level, clearly 
represents a partial development in this latitude of the Tertiary 
peneplain. In Tertiary times the rivers wore down these limestone 
‘bands to an approximate base-level; and the gorge, or modern channel, 
‘clearly records the renewal of the erosive power of the rivers due 
to the strong elevation of the land at the beginning of the great ice 
age. These inner valleys or gorges are a normal phase of all the 
larger valleys of the glaciated zone; but in many districts, and almost 
universally near the coast, they are filled with glacial drift and thus 
obliterated as topographic features. 

The fact that the gorges of the Housatonic and Ten Mile Rivers 
‘are but slightly encumbered by drift, the solid bed-rock forming the 
immediate bottom of the channel at many points, is of very obvious 
importance in its bearing upon the construction of the proposed 
dams in these valleys. 

Another fact of particular importance and interest in the history 
of the Ten Mile River, and especially in its bearing upon the geologi- 
‘cal conditions at the site of the proposed dam, is the distinctly retro- 
‘grade course of the south branch of the Ten Mile (Swamp River) for 
5 miles in an air line from near Wing (South Dover Station) to its 
‘confluence with the north branch or main river a mile and a half 
‘south of Dover Plains. At Wing, Swamp River is only a short mile 
from the Ten Mile at South Dover (see map), and yet its waters flow 
‘5 miles north and then § miles south to reach that point. This 
extremely retrograde and roundabout character of the valley is a plain 
indication that the drainage has been diverted from its normal direct 
course by a drift barrier between Wing and Webatuck. To deter- 
mine with certainty the precise course of this ancient, drift-filled 
channel through the dividing ridge would require a series of borings. 
A careful examination of the ground makes it probable, however, 
that the buried channel either follows the general course of the road 
between Wing and South Dover, keeping a little to the west of the 
road, or, taking a more direct course from Wing to Webatuck, it fol- 
lows quite closely the base of the steep southeastern slope of the 
valley, cutting the dividing ridge at the saddle or depression near its 
southeastern end. 
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The Ten Mile River is, in this vicinity, fully sixty feet below 
the level of Swamp River; but it is quite unnecessary to suppose that 
the buried channel is a deep gorge, dividing the ridge approximately 
to the level of the Ten Mile. A more probable view is that the 
Swamp Valley holds the relation of a hanging valley to the Ten 
Mile Valley, this small, northward-flowing tributary having, for obvi- 
ous reasons, failed to keep pace with the main stream in deepening its. 
valley during the preglacial elevation of this region, when the ancient, 
base-leveled valley floors were trenched. This unequal or differential 
erosion of the valley floors involved, of course, the development of a 
waterfall, or rapids, of gradually increasing height, at the mouth of 
Swamp River. 

The small volume of this short stream, and the fact that it has 
been from the beginning of its history an example of reversed drain- 
age in a broad, flat-bottomed valley, warrants the conclusion that the 
floor of the valley has always been, as now, more or less of a swampy 
character, and that it has, consequently, been deepened more through 
the quiet solution of the limestone by swamp waters than through the 
active corrasion of its bed by the stream itself. We are thus able to 
explain the broad and shallow character of the part of this valley 
attributable to Swamp River. 

When, during the melting of the great ice-sheet, its southern 
margin receded north of the divide at Pawling, the upper valley of 
Swamp River was occupied by a shallow glacial lake to which super- 
glacial and subglacial streams were tributary, and with its outlet 
southward at Pawling into the upper valley of Croton River. As the 
ice-margin continued to recede northward the glacial lake increased 
in area and depth; and the glacial streams deposited in it large 
amounts of sand and gravel, to a considerable extent in the form of 
gently sloping delta-plains. It is probable that the ice lingered 
in the deeper Housatonic Valley until it had disappeared from the 
main part at least of the Ten Mile Valley. Thus was anticipated the 
proposed reservoir in this valley ; the drainage was once more tribu- 
tary to the Croton basin and the Hudson ; and the fact that the drift 
of the Ten Mile Valley below the level of the pass at Pawling is 
modified (washed and stratified) is readily explained. Above this 
level the drift is mainly unmodified, bowlder clay taking the place of 
sand and gravel. The modified drift which now encumbers and diver- 
sifies the bed of this temporary lake has a high degree of porosity and 
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would thus add materially to the capacity of a reservoir flooding this 
area. The deposits of modified drift in the Housatonic Valley appear 
to be less extensive, and may, perhaps, be attributed to marginal 
glacial streams, the conditions having been less favorable for the 
damming of the valley by an ice-barrier. 


SITE OF THE ProposED DAM IN THE HOUSATONIC VALLEY. 


The site of the proposed dam in the Housatonic Valley is about 
one mile south of the village of Merwinsville, at the point where the 
river finally leaves the belt of limestone and, turning more to the 
southeast, enters a gorge in the hard crystalline rocks. 

The rock —a hard biotite (black mica) granite, largely of gneis- 
soid aspect — outcrops in massive ledges at or near the water’s edge 
on either side of the river, and rises boldly to elevations of 500 to 600 
feet above the river. On the southwestern slope, naturally, some 
glacial drift has lodged, and a talus of large angular blocks of granite 
and gneiss testifies to the steepness of the slope. It is very evident, 
however, that the hard and massive bed-rock comes to or very near 
the surface to at least as great a height as the top of the proposed 
dam. On the northeast side the drift is thin, and the outcrops of the 
granitoid rock are bold and massive, affording an ideal foundation for 
the proposed dam. We may be very confident that, on both sides of 
the river, the bed-rock 1s more solid and unbroken where it is covered 
by drift than where it is exposed, owing to the protection afforded by 
the drift, especially against the action of frost. The narrow bench or 
terrace on the northeast side of the valley, at an elevation of about 
100 feet, appears to mark the upper limit of the modified drift (washed 
gravel) ; and there can be no doubt that below this level, especially, 
the bed-rock surface is water-worn, smooth and hard to the very 
bottom of the valley. 

I see no reason whatever to doubt that the massive granite and 
gneiss, which are of essentially the same character on the opposite 
sides of the river, are continuous under the river, which has simply 
cut a notch in a previously continuous ridge of these resistant rocks ; 
but the depth of the bed-rock surface under the river must be, in the 
absence of borings, largely a matter of conjecture. The narrowness 
of the valley at this point suggests that the depth is probably not 
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great ; and the comparative abruptness with which the bed-rock rises 
from the water, especially on the southwest side, indicates that the 
gorge which trenches the bottom of every important valley in this 
latitude, and dating from the strong uplift of the land at the be- 
ginning of the glacial period, is here only partially filled with drift, and 
not wholly buried. The gorge is likely to be rather flat-bottomed 
(U-shaped), but deepest on the southwest or concave side, the maxi- 
mum depth, to hazard a guess, being possibly twenty feet below the 
level of the river, but probably less than that. The shallowness of 
the gorge finds corroboration in the ledges of limestone crossing 
the river half a mile or so above the dam site, and at several other 
points before we reach Bulls Bridge, three miles above the site of the 
dam, where the river falls over massive ledges of limestone in a gorge 
averaging not more than thirty feet in depth, on either side of which 
the limestone is well exposed across the broad floor of the valley be- 
tween the bounding ridges of granite. 

Near the top of the ridge, on each side of the river at the dam 
site, but especially on the northeast side, the conditions appear to be 
very favorable for opening a quarry, from which could be obtained in 
abundance large and shapely blocks of granite suitable for use in 
building a large part at least of the dam. 


SITE OF THE PrRoPOSED DAM IN THE TEN MILE VALLEY. 


The proposed site for the dam in this valley is about half a mile 
above the village of Webatuck, where the valley is quite narrow and 
wholly in limestone, which forms a nearly precipitous bluff near the 
north bank of the river, and a more gradual slope on the south side. 
There is but little drift at this point, and the solid limestone ledge 
comes, practically, to or very near the surface all the way from the top 
of the hill on either side down to the narrow flood plain of the river. 
The surface appearances are favorable to the view that the preglacial 
gorge is only partly buried, being represented by the existing surface 
contours ; and the bluff indicates that the axis of the gorge is toward 
the north side of the valley, where the depth may be ten, or possibly 
twenty, feet below the present bed of the river. The probable shallow- 
ness of the gorge is confirmed by the ledge on which the dam at 
Webatuck is built, and the ledges to be seen in the bed of the river 
below the dam at South Dover. 
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The buried or drift-filled gorge of Swamp River, previously re- 
ferred to, may lie to the south of this dam site ; and, if so, it could be 
readily located and profiled by borings. It is a safe assumption, how- 
ever, that it is filled with impervious bowlder clay, which must have a 
horizontal thickness or breadth, at the very least, of one-fourth of a 
mile; and it may, therefore, be regarded with as little apprehension as 
if it were solid ledge. 
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TESTS OF FIRE RETARDENT MATERIALS. 
By CHARLES L. NORTON. 


THE experiments and tests described in this article were carried 
out with a view to determining the efficiency of several means of 
protecting wooden surfaces from fire. 

A test was made on October 5, 1899, by lining a small wooden 
building with the several kinds of insulation, and building a fire of 
wood and oil inside. Observations of the progress of the fire and 
of the state of the wooden backing after the fire were used as a basis 
for judgment of the value of the protection afforded by the retardent 
materials. 

A second test was made in a similar manner on February 3, 1900, 
since, owing to the failure of the weaker materials, the first test was 
left in an incomplete state. 

Tests were also made upon a large number of small samples in 
the laboratory, but their value is not at all commensurate with that 
of the test on the small buildings. 


SIDE PANELS. 
Not in test. 
Wood Lath and Plaster. 
Expanded Metal, furred with wood 7”, plastered. 
Sackett Wall Board 3” thick, furred {, plastered. 
Sackett Wall Board 3" thick, not furred, plastered. 
Air Cell 3” thick, }” furring, plastered. 
Air Cell 3” thick, not furred, plastered. 
Door and Frame. 


ra seSorda 


CEILING PANELS. 

Not in test. 

Wood Lath and Plaster. 

Expanded Metal Lath and Plaster. 
M Duplicate of ZL. 

Nand O Sackett Wall Board 3” and }” thick, plastered. 
P_ Asbestos Air Cell 3!" thick. 

Q Not in test. 
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The walls of the building were composed of eight panels 3' 6” 
wide by 7’ high, made of }” spruce sheathing on frames of 2! x 3” 
spruce. These panels, when protected by their various retardent 
materials, were bolted together in pairs, making the four sides of the 
house, each 7’ x 7’. These four sides were bolted to the sills and to 
each other at the corners. All the joints were covered by a strip 
of Asbestos Air Cell 2” thick, in order that the fire might not creep 
into one panel from another of less resistance. The plate was bolted 
on outside the panel frames to render weakness from burning less 
likely. Panel H was protected by Asbestos Air Cell 2!’ thick and 
had an opening 2! x 6’, outside of which was held firmly in position 
a tinned wooden door. 

Since the floor of the house was intact after the test, none of the 
retardent materials being called into action by the burning of the 
upper layer of the floor board, no attention will be given it other than 
to state that there was in the center a hole 2! 6” square, to admit 
air for the combustion. Over this hole there was a fine grate to 
prevent sparks from dropping through and setting fire to the floor 
from below. 

The roof was made of eight panels 2’ x 2! 6”, each being of 3” 
spruce sheathing framed with 2” x 3!’ spruce timber. These panels 
were held up against the roof frame of 2’ x 4!’ spruce by lag bolts 
from above, so that they might neither drop nor loosen until they 
were burned through. Each joint was filled with a 2” strip of Asbestos 
Air Cell, to prevent spread of the fire from one panel to another. 

The chimney was made of spruce sheathing, and was lined with 
3'' of Asbestos Air Cell. It was 2’ high and 22” square inside, when 
lined. 

All the side panels were plastered and given a white “putty” 
finish, as were also the ceiling panels, with the exception of Panel //. 

All joints, seams, and corners were protected, after the house was 


finally bolted together, by strips of Asbestos Air Cell laid in Asbestos 
Retort Cement. 


DESCRIPTION OF MATERIALS AND METHOD OF APPLYING. 


Panel A. This panel was protected with a fire retardent which 
proved to be defective. Since the manner of the application of this 
material is of the greatest importance, and since the proprietors of 
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the material claim that a very faulty method of application was used 
by their agent in applying it, and since the publication of its failure 
might cause a misconception of the real value of this material when 
properly used, this panel A and its duplicate in the ceiling will not be 
considered as being in the test. 

Panel B was coated with ordinary wood lath furred off {’ from 
the sheathing and given a good coat of plaster, and like the rest of 
the house, it had a finishing coat. 

Panel C was coated with Expanded Metal Lath from the Eastern 
Expanded Metal Company, of Boston. The metal lath was furred 
off {’’ from the sheathing, on wooden furring, and was intended to 
give a test of the relative value of the wood and metal lath. 

Panel D was coated with the Sackett Wall Board of the Sackett 
Wall Board Company, of New York. This is a composite board of 
alternate thin sheets of plaster and felt paper built up to the thick- 
ness of }’. It was nailed upon {” wood furring with broad-headed 
nails. Three layers, with joints broken, were nailed on, giving a 
thickness of }", the finish of plaster bringing up the thickness to 
I inch. 

Panel £ was identical with D, except that no furring was used, 
the Sackett board being nailed directly to the sheathing. 

Panel F was coated with Asbestos Air Cell Fire Board of the 
New York Asbestos Manufacturing Company, of Brooklyn. This 
consists of several layers of corrugated asbestos paper stuck together 
with silicate of soda. It was nailed with broad-headed nails directly 
upon the }” furring strips and coated with }” of plaster, bringing the 
whole thickness, from the furring out, up to 1 inch. As these sheets 
were each of full thickness, there was no chance to break joints. 

Panel G was identical with panel F, except that no furring was 
used. 

Panel H contained the door, which was of two thicknesses 
spruce sheathing crossed, nailed and clinched, and coated with tin, 
lapped and nailed in the usual manner. No attempt was made to 
test the fittings or frames of the door, but simply its permanence 
when held firmly in place at the edges. 

Panel / was not in the test. 

Panel X was similar to panel B. 

Panels Z and M were similar to panel C. 

Panel V was similar to panel £. 
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Panel O was similar to panel £, except that it was }" thick. 
Panel P was similar to panel G. 
Panel Q was not in the test. 


PROCEDURE. 


The small building having been constructed in the Heat Measure- 
ments Laboratory at the Massachusetts Institute of Technology, it 
was taken apart, carried in a wagon to Medford, and set up on the 
afternoon of October 4, 1899. There was no damage to the plaster 
nor any straining of the frame apparent as a result of this journey, 
and we avoided the inconveniences and risk attendant upon the con- 
struction of the test building in the field where it was to be tested. 
Having been bolted together with joints covered and cemented, the 
house was allowed to stand overnight. The temperature being above 
70° F. assured its dryness. The plaster had been put on some ten 
days previous, and was apparently ‘hard and dry. 

On the afternoon of October 5, about } of a cord of hard wood 
in 4-foot lengths, together with some kindlings, shavings and oil, was 
put upon the floor, and after igniting, the door was tightly closed and 
clamped in place from the outside. 


OBSERVATIONS DuRING TEST. 


After 1 minute smoke was coming from chimney top, and after 
6 minutes and until the end of the test, both flame and smoke were 
coming from the chimney in great volume. 

After 6 minutes smoke was coming from door near the top, and 
immediately considerable sap and steam came out through joints of 
door. 

After 7 minutes smoke and steam were apparent on roof near 
door top. 

At 8 minutes there was considerable smoke at many points on the 
roof. 

At II minutes there was warping of the door with smoke and gas 
flame at many joints and at the top. 

At 20 minutes there was much smoke at top of panel 2, of wood 
lath and plaster, and at panels J and K on the roof. 

At 25 minutes panel /, not in test, was allowing both fire and 
smoke to come through it, and panel X, of wood lath, and panel Q 
were smoking badly. 
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At 26 minutes panels Z, 17 and G were noticeably hot. Panels 
D and £ were cold on the outside. 

At 31 minutes the fire through panels 7 and X was so consider- 
able in volume as to set fire to the chimney on the outside and the 
door was forced open, and a 2” stream of water was applied, extin- 
guishing the fire. 

So little was shown by the observations during the test, that the 
writer does not consider them of very great value. 


EXAMINATION AFTER THE TEST. 


After putting out the fire, the door was removed and examined. 
It was charred entirely through for about 4" of its area, and was 
much warped and twisted, being so weakened that it could not be 
made to stand upright. 

Panel / (not in the test), immediately over the door, had only its 
frame and a few charred fragments of sheathing clinging to it. 

Panel X, of wood lath, was badly charred — plaster and lath hav- 
ing disappeared — but was burned through in only one place about 
"x4", 

Panels Z and &M, of Expanded Metal, still held three-fourths of 
their plaster, and their wooden backing was discolored and smoked, 
but not charred except in one place 3’ square. The furring was about 
one-half burned away. 

Panel J, of Sackett Wall Board was not discolored, and not charred 
in the least. Three-quarters of the plaster board still remained on it. 

Panel O, of one thickness of Sackett Board, was charred nearly 
through the boarding in several spots. 

Panel P, of Asbestos Air Cell, was discolored but not charred, 
the Asbestos Air Cell being in place. 

Panel Q was not in the test. 

Panel A was not in the test. 

Panel B, of wood lath and plaster, was badly damaged, the laths 
being entirely gone, the furring nearly gone, and the boarding charred 
to a depth of 3” in several places. 

Panel C, of Expanded Metal, still held about three-fourths of its 
plaster, and the boarding was intact, the furring being charred about 
4" deep. 
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Panels D and £, of Sackett Wall Board, were entirely uninjured 
as to their wooden backing, the plaster and outer }" of Sackett Board 
having been the portion damaged. 

Panels F and G were intact, except that on F where the Fire 
Board was jointed, the boarding was charred in a narrow line about 
1!’ deep. 


Floor was untouched except by a slight charring on upper surface. 


SUMMARY. 


Door ruined, wooden lath and plaster destroyed, Expanded Metal, 
Sackett Board, and Asbestos Air Cell not yet injured. Indication 
that the furring of the Expanded Metal and the joints in Asbestos 
Air Cell would soon cause the destruction of those panels. 


SEconp TEST. 


It was at once determined to repeat the test, leaving out the 
wooden lath and adding some other panels. Accordingly, on Feb- 
ruary 3, 1900, a second building was burned with a view to a more 
prolonged test of the more resisting materials. This house was 
similar to the earlier one, but had a floor of boards covered with 
3 inches of sand, this not being in the test. 


PANELS. 


1and 6. Asbestos Air Cell }” thick, no furring, plastered }". 
2and 7. Sackett Wall Board 3?” thick, no furring, plastered }”. 
3 and 10. Clinton Wire Lath, {’’ wood turning, plaster. 
4and 8. 3’ Hard Pine Plank, no plaster. 
5 and 11. Expanded Metal Lath, plaster, steel furring. 
9. 3'’ Hard Pine Planks with Expanded Metal and plas- 
ter, no furring. 
12 and 13. Panel containing door and windows. 


All joints were covered with 2’ Asbestos Board before the house 
was plastered. Openings were left on two sides and in the backing 
of each panel for the introduction of a pyrometer and for observations 
of the condition of the fire. The front of the house contained a 
Standard tinned wood door of the Victor Manufacturing Company, of 
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Newburyport, 6’ 4! x 2’ 8” x 23”, with Standard latch, hinges, and 
striker of their make. This door closed from within, flush with a 
4-inch lap, being very tight. There was also a Mississippi wire glass 
', in a steel frame, and a small door devised by Mr. 
Edward Atkinson. This door was composed of two thicknesses of 


window, 12" x 12 


?’’ spruce sheathing, crossed and nailed, clinched, covered with }” 
Sackett Wall Board and then tinned in the usual manner. 

The second house was filled with wood and shavings, like the first, 
and lighted at 11.39 A.M., February 3, 1900. The house was immedi- 
ately seen to be well filled with flame for about half its height. Obser- 
vations were taken as follows: 


11.39. Fire lighted. 

11.42. Wire glass window cracked. 

11.45. Temperature of fire, 400° C. (750° F). 

11.46. Temperature of fire, 450° C. (840° F.). 

11.47. Temperature of fire, 550° C. (1,020° F.). Smoke escapes 
at top of door. 

11.48. Much smoke over door. 

11.49. Entire roof and top of sides steaming. 

11.51. Explosions inside. Smoke through door in five places. 

11.53. Temperature of fire, 650° C. (1,200° F.). 

11.55. Wire glass much cracked, but not letting smoke through. 

11.56. Temperature of fire, 790° C. (1,450° F.). 

11.57. Temperature of fire, 850° C. (1,560° F.). 

12.00. Temperature back of Clinton, 250° C. (480° F.); Expanded 
Metal, 290° C. (550° F.); Sackett and Air Cell, 100° C. (212° F.); 
Hard Pine, below 0° C. (32° F.); ice on Hard Pine. 

12.05. Temperature of fire, 920° C. (1,690° F.). Both metal laths 
slacking away from backing. Large door burning briskly at latch and 
at four places in center at joints. 

12.10. Ice on back of hard pine. Wire glass red hot; ignites 
splinter held against it. Wire glass much cracked. Temperature of 
fire, 950° C. (1,740° F.). 

12.15. Roof appears intact, as seen from above; steams consid- 
erably. Temperature back of Clinton, 250° C. (480° F.) ; Expanded 
Metal, 300° C. (570° F.). 

12.16. Ice on hard pine. 

12.17. Temperature of fire, 965° C. (1,770° F.). 
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12.18. Temperature of fire, 1,000° C. (1,830° F.); smoke back 
of both metal laths ; back of both is red hot, plaster still firm, looks, 
crackled on front, shows no change in the back. 

12.19. Temperature of fire, 1,260° C. (2,300° F.). Wire glass 
bulged out nearly one inch; much smoke back of both metal laths; 
Sackett Board and Asbestos Air Cell steaming at the back. 

12.20. Chimney afire at top; wire glass bulged and sagged; bad 
cracks in face of plaster on Clinton and Expanded Metal, as seen 
from the fire side. ‘Temperature of fire, 950° C. (1,740° F.). 

12.26. Smoke back of Sackett. 

12.27. Smoke back of Air Cell. 

12.30. Boarding back of Clinton and Expanded Metal afire for 
the whole height; in danger of falling. 


iS) 


12.32. Spray nozzle turned in and fire extinguished. 


OBSERVATIONS AFTER THE FIRE. 


Panels 1 and 6, of Asbestos Air Cell, were charred to a depth of 
1” to 1” over entire surface. The Asbestos Air Cell being still in 
place and in fair condition. 

Panels 2 and 7, of Sackett Wall Board, were charred from }’ to 
5'’; the ceiling (Panel 2) being nearly burned through in one spot. 
average charring, about }”. 

Panels 3 and 10, of Clinton Wire Lath, and Panels § and 11, of 
Expanded Metal, were all in about the same condition. Practically, 
all the plaster adhered until the water was thrown on it, when about 
} of the plaster on the Clinton Lath, and 3 of that on the Expanded 
Metal fell. The boarding back of the Clinton was charred 3’, and 
even i’ in one place, while the boarding back of the Expanded Metal 
was charred from }"' to ?. The wooden furring back of the Clinton 
Lath was more than half gone. The two ceiling panels were in iden- 
tically the same condition, being charred about 3” to 3”. 

Panels 4 and 8, of unprotected hard pine, were charred to a depth 
of 13’, allowing the splines to drop out, but were very far from allow- 
ing the fire to get through them. 

Panel 9g, of hard pine, with Expanded Metal stapled directly on to: 
it and then plastered, was in much the best condition of any of the 
panels, being charred only about }" to 3” into the pine, with the 
plaster all remaining in place. 
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The Victor door was found to be vigorously burning, with the tin 
on the inside warped and bulged, and open at several joints. Of the 
three thicknesses, the inner one was charred completely ; the middle 
one was more than half charred ; and the outer one, except in small 
spots and around the edges, was uninjured. The door did not warp 
or twist, and was still a good fire stop at the close of the test. 

The wire glass window cracked, bulged and sagged, but stayed in 
its frame and kept fire and smoke from coming through ; nor did the 
water thrown upon it damage it. At times this glass was about 
800° C. on the outside. 

The Atkinson composite door had no latch or hinges, being bolted 
into place. Its condition when taken down was, practically, the same 
as that of the Victor door, except that it was not charred quite so 
deeply. It must be borne in mind, too, that this door was 3” thin- 
ner than the Victor, and that it had let no smoke or fire through it. 
Neither door had an outside temperature of 100° C. at any time. 


SUMMARY. 


At end of the test, Metallic Lath panels well afire and nearly 
destroyed; Asbestos Air Cell and Sackett Wall Board panels igniting 
in hottest places; hard pine panel not seriously weakened, especially 
where shielded by metallic lath and plaster; neither door in danger 
of falling; and wire glass window in good condition. 


REMARKS ON Boru TEsTs. 


The first test shows clearly the comparative value of a wooden 
and metallic lath. With a wooden lath panel entirely gone and a 3" 
boarding behind it burned through, the metal lath had yet to scorch 
the wood behind it, and was itself intact. 

The necessity of applying fire retardent material in at least two 
thicknesses, so as to break joints, is indicated by the experience of 
the Asbestos Air Cell Fire Board. 

The failure of two ceiling panels in the corner farthest from the 
Sackett Wall Board probably drew the fire away from the Sackett 
Board in the latter part of the first test. 

The relative showing of the two large doors shows the immense 
gain in using a 3-ply door. The test door used in February was of 
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three layers of board, while that of the October test was of two layers. 
The 3-ply door remained flat and tight at the edges, while the 2-ply 
door warped and twisted as soon as one layer had become heated, 
there being no third layer with its grain running in the same way to 
stiffen it. 

The Atkinson composite door showed a distinct advantage in that 
it was much more gas tight than the wooden door. The advantage of 
a refractory interlining of the wooden door is clear, and had the two 
doors been, as was intended, of the same thickness and of the same 
number of layers, there could be no question of the superiority of 
the composite door. A further test of the door with some interlining 
other than Sackett Board would be of value. 

Attention is called to the increase in charring back of the Ex- 
panded Metal when furred off over the charring when nailed closely 
to the planks. It is clearly indicated that furring spaces back of fire 
retardents are not desirable. There appears to be little difference 
between the protection afforded by the Clinton Wire Lath and by 
the Expanded Metal when due allowance is made for the difference 
in the furring. In the first test, the Sackett Wall Board made a 
slightly better showing than the Asbestos Air Cell. In the second 
test, with more care as to joints, the Asbestos Air Cell Fire Board 
made a slightly better showing. I should rate the two boards as of 
about the same value. 

The fire-resisting quality of 3-inch plank, such as is used in mill 
construction, is made very manifest over the ordinary construction 
where I-inch boards or wood lath and plaster are used. When such 
thick plank is protected by the fire retardent materials, which in this 
test resisted a very hot fire for nearly one hour, partitions of this kind 
may be of great service in places where heavy brick walls cannot 
be constructed. In cases which frequently occur in mill practice, it 
would seem that a very large and probably complete measure of 
protection would ensue from putting up plank separating walls pro- 
tected with these fire retardent materials, and where light is needed, 
fitted with wire glass windows. 

The excellence of the Mississippi wire glass is clearly shown. 

Finally, one word must be said as to plaster. Through the kind- 
ness of the Windsor Cement Company and the New England Ada- 
mant Company, I was able to plaster the first building with the 
“King’s Windsor” cement, and the second with the “Adamant” 
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plaster. Both have stood the test excellently and leave nothing to be 
desired in the matter of fire resistance. Both stuck to the Sackett 
‘Wall Board and Asbestos Air Cell Fire Board until the boards weak- 
ened, and the plaster carried away part of them with it. Both stuck 
to the metal lath until it and they had been red hot for some minutes, 
and yielded only slightly to the shock of the water from the hose 
nozzle. 

I desire to acknowledge the very great value of the assistance and 
codperation of Mr. C. E. Bacon, Chief of the Medford Fire Depart- 
ment. He has not only provided a suitable place for tests, and fur- 
nished men and means for extinguishing the fire at the proper time, 
but has taken all responsibility of risk to other property, and has in 
many ways been of great assistance. 


RoGeErRS LABORATORY OF PHYSICS, 
Boston, Mass., February 5, 1900. 
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THE REFLECTION OF LIGHT IN THE NEIGHBORHOOD 
OF THE CRITICAL ANGLE. 


By JOSEPH GEORGE COFFIN, S.B. 


I HAVE recently had occasion to calculate the percentage of light 
reflected on passing from a dense to a rare medium at various angles 
of incidence from 0° up to the critical angle, and as the results are not 
found in such treatises on Optics as I have examined, they are perhaps 
worthy of preservation. 

As usually stated, the formule of Fresnel apply directly to rays 
incident in the rarer medium. Analytically they can be adapted to 
the case of incidence in the denser medium by taking the reciprocal 
of the index of refraction instead of that index. By an independent 
demonstration starting with Fresnel’s postulates, I find this change to 
be justified physically. 

As natural light may be considered to be composed of two equal 
beams polarized in planes at right angles to each other, the amount of 
natural light reflected will be given by the expression 


= }( a+ &) 


where a? and 2 have the values given below, and / is the intensity of 
the reflected beam. 
z = angle of incidence. 


m = index of refraction. 











4 - ; F 
\ n*® — sin? 4 — cos z 
a= 
e n* — sin? z+ cos Zz 
(A) 
‘” . . . 
\ n® — sin? i — n® cos 7 
e= 
LV n? — sin? z + n* cosz 
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Formule (A) are the ordinary ones of Fresnel, while (2) are those 
deduced for the new state; a? and J represent the intensities, after 
reflection, of the rays polarized respectively, in and perpendicular to 
the plane of incidence, the intensity of the incident beam being unity 
in both cases. 


TABLE I. (#2 =1.55). 


REFLECTION OF LIGHT PASSING FROM A RARE TO A DENSE MEDIUM. 








é a? 52 i= a? + 
2 
0° 4.65 4.65 4.65 
10 4.84 4.47 4.66 } 


4.68 
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The percentages of reflected light when the beam is incident in 
the rarer medium have been calculated for the case when m= 1.55 
by Professor E. C. Pickering, and will be found in his paper, Proceed- 
ings of the American Academy of Arts and Sciences, Vol. IX, 
1873-74, p. I. 

I have plotted both Professor Pickering’s values and my own in 
order to show graphically the results of the formulz in both cases. 
Two tables are given in this article, the first one being values com- 
puted by Professor Pickering and used in the plot Figure 1, the 
second table being the values computed by myself, and used in the 
plot Figure 2. 


TABLE II. (#2 =1.5). 


REFLECTION OF LIGHT PASSING FROM A DENSE TO A RARE MEDIUM. 








i a2 ro) r= 7 +® 
2 
0° 4.00 4.00 4.00 
10 4.39 3.63 4.01 
20 5.90 2.44 4.17 
30 10.58 ~ 0.46 5.52 
33.690 14.79 0.00 7.40 
36 18.61 0.31 9.46 
38 26.95 2.82 14.88 
39.5° 34.59 6.97 20.78 
41.0° 53.04 22.77 37.91 
41.2° 57.78 28.14 42.96 
41.4° 63 62 35.53 49.58 
41.6° 72.21 47.73 59.97 
41.7° 79.18 59.21 69.20 
41.8° 93.11 85.12 89.11 
41.81° 100.00 100.00 100 00 














In the diagrams the dotted curves (marked I and III) refer to the 
two polarized beams into which the ray of ordinary light represented 
by the full line may be decomposed, the intensity of the incident 
beam, however, in all three curves, being taken as unity. 





Fic. 1.—INTENSITY OF REFLECTED LIGHT (rare to dense). 


I. Vibrations perpendicular to plane of incidence. 
II. Ordinary light. 
III. Vibrations in plane of incidence. = 1.55. 


Fic. 2, — INTENSITY OF REFLECTED LIGHT (dense to rare). 


I. Vibrations perpendicular to plane of incidence. 
If. Ordinary light. 
III. Vibrations in plane of incidence. »=1.5. 
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Figure 1 shows the variation in intensity of light reflected on pass- 
ing from a rare to a dense medium, for which m= 1.55. It is inter- 
esting to note how little the intensity of the reflected light increases 
with increasing angle of incidence; this increase being barely one per 
cent. for a change of 45° in this angle. This plot also illustrates the 
production of polarized light by reflection, for at the angle of inci- 
dence, 57.172° in this case, the beam polarized perpendicularly to the 
plane of incidence is not reflected at all, and therefore all the light of 
the unpolarized incident beam that is reflected must consist wholly 
of light polarized in the plane of incidence. It also shows that 
this angle may be deviated from by as many as seven or eight degrees 
without sensibly altering this condition. 

The angle of polarization is evidently given by the expression 


—— 
: u 

= sin oe ae 

$ n+ 1 


by finding the condition for minimum value of 2? in formula (A). 

Figure 2 is a plot of the values of the intensities of light 
reflected in passing from a dense to a rare medium. 

It is noteworthy that the proportion of reflected light increases 
but very slowly as the angle of incidence increases, until within about 
10° of the critical value, when there is a sudden and marked increase. 

For the component polarized at right angles to the plane of inci- 
dence, we have, as in the preceding case, a value for the angle of in- 
cidence at which no light polarized in this plane is reflected. This 
angle, ¢' corresponds of course to the polarizing angle of the first 
case, so that its value ought to be given by the condition 


sin ¢ = # sin ¢! 


where ¢’ is the polarizing angle in passing from dense to rare. 

The value of ¢’ in terms of 2 may be obtained from (A) by finding 
as before the condition for the minimum value of 6% We obtain 
in this case 


¢’ = sin — \_ ae: 
m+ 1 
By comparison with the value deduced for ¢ we see that the condition 


sin ¢ = x sin @¢! 
is satisfied. 
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Assuming the same value of 2 in formulz (A) and (A), it will be 
seen that for normal incidence the amounts of reflected light reduce to 


“= 


( a= ( 
a—I 


(B) eee I= (=) 


which indicates that for this case the amount reflected in passing from 
rare to dense is the same as from dense to rare, a result not immedi- 
ately evident. 

That a? should equal 2 in either set of formule for normal inci- 
dence is easily seen to be true when we consider that in this case 
the vibrations are made in the plane of the reflecting surface, and 
hence the intensity of the reflected ray must be independent of their 
direction. 


Figure 2 also justifies the use of the term “critical” as applied to 
that angle, the tangent to the curve near this point being nearly per- 
pendicular to the axis of abscisse. A change of less than 1° in the 
angle of incidence near this point increases by 50 per cent. the 
amount of reflected light. 
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A NORMAL CHLORINE MAP OF LONG ISLAND. 
By GEORGE C. WHIPPLE anp DANIEL D. JACKSON. 


Tue knowledge of the amount of chlorine that a sample of water 
contains is of little value as an indication of pollution unless the nor- 
mal chlorine for the region from which the sample was collected is 
also known. By the “normal chlorine” is meant the amount of chlo- 
rine uniformly present in the unpolluted water of any particular local- 
ity. Except in regions where there are deposits of salt, it is depend- 
ent chiefly upon the distance of the locality from the sea coast, and 
upon the amount of exposure to winds from off the ocean. This sub- 
ject was first studied by the Massachusetts State Board of Health. 
In 1890 there was published a normal chlorine map of Massachusetts, 
upon which were drawn isochlors, or lines of equal chlorine, based 
upon the determinations of chlorine in samples of water collected from 
all parts of the state and known to be unpolluted. In 1895 a simi- 
lar map was published for the State of Connecticut by the Board of 
Health, and at the present time work of a like character is being 
carried on in other sections of the country. In December, 1898, a 
map of normal chlorine for the island of Jamaica was published in the 
Technology Quarterly by Mrs. Ellen H. Richards, and Mr. Arthur T. 
Hopkins. 

In 1897 the department of water supply of Brooklyn, New York, 
established a laboratory at Mt. Prospect reservoir for the purpose of 
making complete examinations of samples of water from all parts 
of the waterworks system. The water supply consists of a series of 
streams upon the west-central portion of the southern slope of Long 
Island, supplemented by driven wells sunk within the limits of the 
same watershed. 

At the very outset of the work it was thought wise to ascertain 
the normal chlorine of the watershed, and, as population had already 
encroached to a considerable extent upon its western portion, it was 
decided to extend the chlorine observations over the entire island. 
There were two reasons why this seemed desirable: First, it was be- 
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lieved that the isochlors would be found to be approximately parallel 
to the coast lines, and that the more exact location of the isochlors 
to be obtained in the sparsely settled regions would be of value in 
extending these lines over the watershed of the Brooklyn supply. 
Second, in the event of an eastward extension of the supply the iso- 
chlors in that region would be of value in estimating future pollution, 

Long Island is about 114 miles long, and from 10 to 20 miles wide, 
with an approximate area of 1,200 square miles. A series of ridges, 
that have an average height of about 250 feet, extends along the 
entire northern shore, separating the northern and southern water- 
sheds. The main drainage areas are on the south slope of the island, 
and with a few exceptions, the important streams flow from north to 
south. The soil over the greater portion of the island is very sandy. 

In October, 1897, a collector was sent over the island to secure 
samples from ponds, streams and wells that showed no evidences of 
pollution. Empty bottles were shipped to him at various stations 
on the Long Island Railroad, and from these places as centres, local 
trips were made by carriage or bicycle. The general plan of collec- 
tion was to obtain several series of samples across the island in north 
and south lines, and a few scattered samples at the eastern extremity. 
In April, 1898, the collector made a second trip of about a week’s 
duration, and secured duplicate samples from some of the localities 
first visited, besides samples from some new regions. 

In these two trips samples were secured from seventy-seven locali- 
ties, and a few more were subsequently added. Many of these, how- 
ever, had to be discarded as they were evidently not normal. In cer- 
tain places the only samples that could be obtained were from wells, 
and some of these were so near houses or barns that their contami- 
nation was apparent. Moreover, there were some sections near the 
center of the island where, during the October trip, the collector was 
unable to find any water at all, because of the sandy nature of the 
soil. 

‘The following is a list of those samples that were apparently 
normal in their chlorine contents, and that were used in the prep- 
aration of the accompanying map. 

It will be seen from the map that, except at the eastern end of 
the island and except near the coast, the normal chlorine is below six 
parts per million. On the south shore the isochlor of six parts per 
million is only two or three miles inland, while on the north shore it is 
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Number of | 


Locauiry. 











ia | Chlorine. | Sample. 
1. 15.8 Well. 
2. 16.5 Well. 
3 30.8 Well. 
ey id 
5. 17.2 Spring. 
6. 61.8 Well. 
8. 12.9 Pond. 
9. 16.4 Well. 
10. 7.6 Stream. 
11. 6.4 Well. 
13. 60 Pond. 
14. 10.0 Spring. 
16. 4.9 Well. 
ye 7.4 Well. 
18. 7.4 Well. 
19. 6.1 Well. 
20. 4.6 Pond. 
ai. 5.1 Well. 
23. 6.7 Stream. 
26. 4.8 Well. 
27. 4.2 Well. 
29. 5.0 Stream. 
30. 4.6 Stream. 
31. 4.9 Stream. 
aa 5.0 Well. 
33. 5.1 Pond. 
37. 3.0 Well. 
43. 7.0 Stream. 
44. 7.8 Pond. 
45. 52 Well. 
48. 6.0 Well. 
49. 4.1 Stream. 
50. 4.0 Well. 
5h. 4.0 Well. 
55. 4.2 Stream. 
60. 7.0 Stream. 
67. 4.2 Well. 
68. 4.2 Well. 
69 4.7 Well. 
70 9.4 Well. 
78. 4.0 Stream. 
79 4.8 Stream. 
80 3.8 | Stream. 
| 








} mile east of Montauk Station. 
Amagansett, 200 feet south of depot. 


Bridgehampton, 1} miles southeast of station, and 1 mile 
north of beach. 


14 miles southwest of Sag Harbor. 

1 mile north of Greenport. 

Mattituck. 

Aquebogue. 

Peconic River, 4 mile north of Manor. 

1 mile north of Manor. 

Long Pond. 

Wading River. 

1} miles south of Manor. 

3} miles north of Moriches. 

4 mile north of Moriches. 

1 mile northeast of Patchogue. 

2 miles north of Patchogue. 

Medford Station. 

Scudder Brook, 1 mile northeast of Greenlawn. 

4 miles north of Deer Park. 

2 miles north of Deer Park. 

Brook at Belmont Pond, 2 miles north of Babylon, 

3 miles north of Babylon. 

Sampawanis Brook, 1} miles northeast of Babylon. 
$ miles north of Babylon. 

1 mile northwest of Babylon. 

} mile northeast of Hempstead. 

King’s Park, near State Hospital. 

King’s Park, near State Hospital. 

14 miles east of Selden. 

1 mile northeast of Islip. 

Beaver Brook, 1} miles north of Islip. 

1 mile south of Islip. 

} mile north of Centre Islip. 

3 miles south of Smithtown. 

1 mile southeast of Huntington. 

Melville Station. 

4 mile south of Melville. 

1} miles southeast of Melville. 

4 mile south of Massapequa. 

Upper end of Massapequa Stream. 

Upper end of East Meadow Stream. 

Hempstead Stream, above Hempstead. 














probably three or four miles. The isochlor of five parts per million 
is about two miles farther from the shore, and is parallel with the 
former. The isochlor of four parts per million surrounds a narrow 
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strip in the center of the island from three to five miles wide. In 
the center of this region the normal chlorine is somewhat lower than 
four parts per million. 

Comparison of this map with the other maps of normal chlorine 
referred to, shows that in Massachusetts the isochlor of three parts 
per million is located about twenty miles from the coast; in Connecti- 
cut it varies from five to fifteen miles; in Jamaica, from ten to twenty 
miles; while in the central part of Long Island, where the normal 
chlorine may be as low as three parts per million, it is about eight or 
ten miles inland. 

The isochlor of five parts per million is about ten miles inland in 
Massachusetts and Jamaica, while on Long Island it is much nearer the 
coast. This isochlor is not given for Connecticut, but a few scattered 
observations would indicate that it lies nearer the coast than in Massa- 
chusetts, and in this respect it agrees with the corresponding isochlor 
on Long Island. 

The normal chlorine at the line of the aqueduct of the Brooklyn 
Water Supply is about six parts per million, but most of the streams 
cross the isochlor of five parts per million, and a few take their rise 
in a region where the normal chlorine is below four parts per million. 
It seems probable that the normal chlorine for the supply ponds of the 
Brooklyn Water Works lies between five and a half and six parts per 
million, and that any chlorine found in these ponds in excess of six 
parts per million, may be considered as due to the effect of population 
dwelling upon the watershed. 

At the eastern end of the island the normal chlorine is very high 
and varies greatly in different localities. In this respect it resembles 
the normal chlorine found on Cape Cod in Massachusetts. 

The writers desire to express their thanks to Mr. Robert Van 
Buren, Engineer-in-charge Department of Water Supply of Brooklyn, 
for permission to quote from the laboratory records, and to Mr. I. M. 
De Varona, Engineer of Water Supply, under whose general direction 
the above investigation was made. 
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MAP SHOW/NG THE 


NORMAL CHLORINE 


OF 
LONG /SLAND. 


THE FIGURES REPRESENT THE Aamoupny of CHloRiNE 1M PARTS 
PER million. THE FiguRES THAT ARE UNDERLINED REFER JO GROUND 
WATERS; THe o7 HERS REFER TO SURFACE WareRS. THE ssocHlons Axe 
iNOICATED By FULL Lines oveR THE REGION coveRED BY THe 
OBSERVATIONS, AND BY BROKEN LiNES ovER THE REGION 
Noy COVERED BY JHE IBSERVATIOLS. 
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